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The Style Manual for Biological Journals’ 
has been adopted as the guide for authors.’ 
Publication of papers is limited to members of 
A.D.S.A., but only one author of a joint paper 
need be a member. Those of outstanding merit 
may be accepted from nonmembers. Papers 
when accepted become the copyright of the 
Journat and can be reprinted only by the 
Garrard Press. Reproduction of graphs, tables, 
and illustrations for books and other periodicals 
may be authorized by the Editor-in-Chief. 

To be eligible for publication in the JourNaL. 
the data in papers must not have appeared 
previously in any other publication exeept pro- 
ceedings of annual or biennial conferences or 
in symposia. 


ORGANIZATION OF PAPERS 
1. Title should appear at the top of the first 
page, be as brief as possible, and be indica- 
tive of the research, followed by the au- 
thor(s) name(s) and affiliation(s). 
2. Summary and its preparation. 

a. The summary aids in the dissemination 
of scientific information, reduces the 
work and cost of abstracting journals, 
and is convenient for readers. 

b. The summary must be on the first page, 
be brief, specific, and factual. It should 
not exceed 200 words. 

e. The opening sentence should state the 
research objectives, but the title should 
not be repeated. 

d. It should be intelligible without refer- 
ence to the original paper and contain 
complete sentences and standard termi- 
nologies. It should be assumed that the 
reader has some knowledge of the subject. 

e. The author(s) should emphasize newly 
discovered facts and observations, unique 
apparatus and techniques, numerical data 
with statistics, physical-chemical con- 
stants, and new methods and their ac- 
curacy. 

f. Except in most unusual cases, refer- 
ences to earlier work should be omitted. 

3. Statement of the problem and pertinent 
investigations. 

4, Objectives or reasons for research. 

5, Experimental procedures. 

6. Results. 

7. Discussion. (6 and 7 may be combined.) 

8. Conclusions are optional. 

9, Acknowledgments. 


1 American Institute for Biological Sciences, 
2000 P Street, N. W., Washington, D. C. Price 


3. 
°J. Dairy Sci., 44: 1788. 1961. 


INSTRUCTIONS TO CONTRIBUTORS 


2: 


10. References. The minimum of only perti- 
nent references should be used. They mus' 
have title(s), author(s) name(s), name o: 
periodical, volume, page number, and year 
of publication, If a book, publisher’s name 
and address must be added. 

11. Manuscripts must be typed double-space 
on 8%- by 11-inch bond paper. Multilith 
ing on bond paper is acceptable. Lines 01 
each page should be numbered from 1 
26 or 28, to make it easier for the Editori: 
Board to review papers. The side margi 
should be one inch wide. Clipped-to, pasted: 
on, and written insertions are not accep’ 
able. Pages should not be stapled together, 

12. Figures (graphs) should be made with bla 
India ink on white drawing paper, tracin 
paper, or blue linen and the sheets shoul 
not exceed 84% by 11 inches. Graph pap r 
with yellow, green, and red lines shoul 
not be used, because the lines cannot bi 
filtered out. Curves should be identifi 
with the symbols O, ©, @, 0, M, A, 4, V 
+, or X, and they should be about 0.8 mi 
thick, for the axes about 0.5 mm thick, ani 
for grid lines about 0.4 mm thick. Grit 
lines are necessary only if readings are 


abscissae, ordinate, and the figure shoul 
be in upper ease and be about 3 by 5 mi 
and about 0.5 mm thick, to be readabl 
when graphs are reduced to column widt! 
Titles for figures (graphs) must be o 
separate sheets. Following is a well-madi 
figure reduced to size of the printed page 


RAW 
PASTEURIZED —— —-———~ 


a 
= 80) 

2 

$ 

w 69) 

= 

FA “Rew? 
2 a0 re 

a 7 

= u 


ee ate oO 
co -s- 


100 
DAYS OF RIPENING AT 56°F 
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TECHNICAL NOTES 


20. The technical note section of the Journau 


21. 


22 


is for the publication of research with nar- 
row boundaries, announcement of new find- 
ings that may help other scientists, inven- 
tion of research and teaching devices, 
establishment of priorities, and for useful 
information from projects that have been 
terminated before completion. This section 
is not a repository for inferior research, 

If the scope of the technical note permits, 
it may be organized the same as a research 
paper, except there is no summary at the 
beginning and the author(s) name(s) and 
affiliation(s) appear at the end. Otherwise 
organization is flexible. 

Technical notes may or may not be reviewed 
by the Editorial Board. 


OUR INDUSTRY TODAY 

This section of the Journau is for papers 
of timely industry interest. If the papers 
eontain applied research, they should be 
organized the same as research papers, al- 
though a summary at the beginning is not 
required. Regardless of the material in 
these papers, they should be organized in 
logical topics. 

Papers in this section may or may not be 
reviewed by the Editorial Board. 


PUBLICATION OF EVENTS 

Material for the announcement of meetings, 
short courses, and other special events of 
interest to the Association membership, 
must be received by the first day of the 
month and at least two full calendar months 
before the event is scheduled to take place. 
For example, the material for any event 
in February must be received by December 
1. These statements do not apply to ma- 
terial for the Annual Meeting. 


PEOPLE AND EVENTS 


Dean Harold Macy Retires At Minnesota 


Dean Harorp Macy, a distinguished micro- 
biologist at the University of Minnesota, re- 
tired July 1. He has been a member of the 
Minnesota staff since 1919, advancing through 
all academic ranks to 
full professor, to asso- 
ciate director and then 
director of the Agri- 
director of the Agricul- 
tural Experiment Sta- 
tion, and finally to 
Dean of the Institute 
of Agriculture in 1953, 

A native of Hud- 
son, New York, he was. 
awarded the B.S. de- 
gree by Cornell Uni- 
versity in 1917 and the 
Ph.D. degree by Iowa 
State College in 1929. 
Before coming to Minnesota, he served as 
bacteriologist for Geneva, New York, and bac- 
teriologist and chief sanitary inspector for the 
Red Cross. Dean Macy is best known for his 
investigations in dairy bacteriology. His re- 
search on the microorganisms which cause 
discoloration and off-flavors in butter was 
fundamental to the solution of mold-infected 
butter, a defect which caused great losses to 
the butter factories in Minnesota and the 
nation. He is the author of 150 papers pub- 
lished in scientific journals, experiment station 
bulletins, and in industry publications. His 
fundamental publications on the microbiology 
of butter are classics and have stood the test 
of time. He is the co-author of the book Milk 
and Milk Products, with C. H. Eekles and 
W. B. Combs. He also compiled two indices 
for the Journan or Dairy ScIENCE. 

In addition to his academic and adminis- 
trative career at the University of Minnesota, 
Dean Macy served in World War I for nearly 
1 yr and served 2 yr during World War II 
in the Sanitary Corps, mostly in Europe. He 
was decorated with the Armed Forces Reserve 
Medal, also with the Chevalier, Order of Public 
Health and the Chevalier, Legion of Honor, 
received in France in 1945. In 1955 he was 
placed on the Army of the United States re- 
tired list with the rank of Colonel. 

Dean Macy has been granted three leaves 
to serve abroad. From January to April, 1952, 
he participated in a survey of agricultural 
research institutions in Latin America, spon- 
sored by the Technical Cooperation Adminis- 
tration. He was a member of a commission 
to the Seoul National University of Korea for 


Harold Macy 


the Foreign Operations Administration during 
February 20 to March 16, 1954. From Marcel 
8 to May 31, 1956, he served as consultan 
for the International Cooperation Administra 
tion with the Office of Egonomie Coordinator 
United Nations Command in Korea. 

Dean Macy has held offices in a number © 
honorary and professional organizations. H 
was chairman of the dairy products section 0 
the American Dairy Science Association i 
1934 and a member of the Association’s exec 
utive board from 1938-39; president of th 
North Central Branch of the Society of Amer 
ican Baeteriologists, 1939-40; president of th 
Minnesota Chapter of Gamma Sigma Delt: 
1942; and historian and executive committe 
member, 1960-61; and president of the Minne 
sota Chapter of Sigma Xi in 1942, He wa 
elected an honorary member of the Minnesot 
Veterinary Medical Society in 1958 and c¢ 
Phi Zeta in 1959. 

Other offices and committee chairmanshiy 
associated with his administrative work ¢ 
the University of Minnesota include: Chairma 
of the advisory committee, Mayo Forestry an 
Horticultural Institute, 1947-48; Hormel fh 
stitute Board as executive secretary and tee] 
nieal adviser, 1949-53, and member since 195: 
vice-chairman of the State Soil Conservatic 
Committee, since 1953; and president of tl 
Dairy Council of the Twin Cities, a unit « 
the National Dairy Council, since 1956. 

In the Association of Land Grant College 
Dean Macy has served in several responsib 
positions, including: Membership on the exe 
utive committee, 1953-55, and the Committ 
of Nine, 1953-54; member of the executi’ 
committee, Division of Agriculture, 1953-£ 
and chairman in 1954; member of the Senai 
1953-55. Since 1954, he has been a memb 
and in 1958-59 was chairman of the Adviso 
Board, National Agricultural Extension Cent 
for Advanced Study. 

Dean Macy has also held important positio 
in the organization of Agricultural Expe 
ment Station Directors of the North Cent: 
Region, serving as vice-chairman in 1947- 
and secretary in 1949-50. He has also serv 
in many advisory and consultant capacitiel 

His most recent honor was an award 
January, 1961, by the Minnesota chapter 
the Soil Conservation Society of America 
distinguished service to conservation by # 
vancing the art and science of good land u 

For his 44 yr as teacher, researcher, ‘ 
ministrator, and national and inter 
consultant, Dean Harold Macy has earn 
place among our best agricultural statesm! 
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Dr. Joseph Tobias Honored At Illinois 


At the Annual Recognition Banquet for the 
College of Agriculture, on May 21, Dr. JosePH 
Tosras was cited as an outstanding instructor. 
He was presented with the following certificate : 


on featernity mths = 
aq 
Lope ours | —z 


Recognizes 


Professor JOSEPH TOBIAS 


sam extLanding instructor tm the University of Minos College of Agriculture. 


—May_21 19.63. 


Born in Czechoslovakia, Dr. Tobias came to 
this country in 1939. He attended West Georgia 
College. Later he enrolled in the University 
of Georgia, where the 
B.S. degree was con- 
ferred in 1942 with a 
major in Dairy Hus- 
bandry. 

He served in the U.S. 
Army from 1942 to 
1946, being commis- 
sioned a First Lieuten- 
ant in 1943, and served 
in the Midwest Pacifie 
area. He is now a Lieu- 
tenant Colonel in the 
U. S. Army Reserve. 

Dr. Tobias earned the 
M.S. degree in 1949 
and the Ph.D degree in 1952, both from the 
University of Illinois, His major areas were 
dairy technology and chemistry. 

He was appointed to the staff in dairy 
technology in 1952, with responsibilities: for 
teaching and research. His present rank is 
Associate Professor of Dairy Technology. 

Dr. Tobias’ ability as a teacher is evident 
in his accomplishments as coach of the dairy 
products judging teams at the University of 
Illinois. His teams have won four of the past 
five national intercollegiate contests. This re- 
cord is unsurpassed in all the history of inter- 
collegiate competition. His classroom lectures 
and laboratory exercises in applied chemistry 
exemplify a high order of competence and 
thoroughness in presenting basie concepts. 

Dr. Tobias was selected for the outstanding 
instructor award by active members of the 
Fraternity of Alpha Zeta. The great majority 
of active members of this fraternity are majors 
in the animal and plant sciences, in agricultural 
education, in agricultural economies, and in 


(| 


Joseph Tobias 


agricultural engineering. This year only ty 
active members are majoring in dairy tec 
nology. 

Dr. Tobias is a member of Alpha Ze 
Gamma Sigma Delta, Sigma Xi, Phi Kap; 
Phi, and Gamma Alpha. In addition, he 
faculty adviser to the Agricultural Coune 
and to Alpha Zeta. He is also a member 
the American Dairy Science Association a1 
of its dairy products judging committee. 


E. B. Carter Retires 


E. B. Carrmr, one of Illinois’ leading dai 
plant operators, has announced his retireme 
as manager of Beatrice Foods Company’s dix 
sion in Decatur, Ill., He will be succeeded | 
his son, R. H. Carrer. 


E. B. Carter R. H. Carter 


A veteran of 48 yr in the dairy industr 
E. B. Carter began his career in Bloomingta 
Illinois, in 1915, and and had been manag 
of the company’s Decatur operations sin 
1925, 

Under his management, the Decatur pla 
developed into an outstanding milk operatic 
It was one of the first dairies in the state 
homogenize milk and the first to process a) 
sell Half and Half. Its laboratory was t 
second in the state to be approved by the Sta 
Health Department for testing milk produc’ 

Mr. Carter also was active in both indust 
and civic affairs and served as president 
the Illinois Dairy Products Association a} 
as president of the Illinois Dairy Technolo 
Society. 

Assistant manager and sales manager 
the Decatur plant since 1960, Richard Cart 
joined Beatrice Foods in May, 1942, as a mel 
ber of the production staff after attendit 
the University of Illinois, where he major 
in dairy technology. | 

He advaneed progressively through a numb 
of positions and was named plant superintel 
ent in 1955. 
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eases of the blood...pernicious anemia and sprue. 
_ Noone food is rich in all the B vitamins. These 
fients are best obtained by consuming recom- 
inded amounts of the four main food groups 
‘dairy foods, meats and eggs, vegetables and 
fruits, bread and cereals. Milk and dairy prod- 
ucts... 3 to 4 glasses for children and 2 glasses 
for adults ... make a balanced contribution to 
the supply of the B complex vitamins. 

As they have in the past, milk and other dairy 
foods will continue to play a vital role in the 
re effective against dis- nutritional welfare of our people. 
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Dr. John J. Sullivan Joins American Breeders 
Service 


Dr. J. J. Suuuivan recently joined American 
Breeders Service, Ine. as Research Assistant, 
at Madison, Wisconsin. 


Dr. Sullivan received his Doctor of Philos- 
ophy Degree from Rutgers University on June 
5, where Dr. John P. Mixner was his major 
advisor. On June 8, he married Miss Joan 
Lackovich of Cliffside 
Park, New Jersey. Mas- 
ter of Seience Degree 
was obtained from the 
University of Tennessee 
in 1959, for work in the 
fields of Dairy Science 
and Zoology, under Dr. 
Eric Swanson. 

Dr. Sullivan is a na- 
tive of Clinton, New 
Jersey. He grew up on 
a dairy farm and was 
active in 4-H Club work 
for 10 yr, showed re- 
gistered Jersey cattle, 
and entered state and national 4-H Dairy 
Judging contests. He continued these activi- 
ties as an undergraduate at Rutgers. He 
served as secretary, vice-president, and presi- 
dent of the Rutgers Dairy Club, and other 
campus leadership activities. Membership in 
American Dairy Science Association dates 
from this period. 

His work in the biological research area 
will be with Dr. F. I. Evniorr, Stud Manager 
and Director of ABS Research. With his 
dairy background, training, and splendid ac- 
complishments as a research worker, he will 
be afforded a real opportunity to contribute 
much in his chosen field. 


J. J. Sullivan 


STUDENT 


O. H. Kahrl Promoted by Beatrice Foods 
Company 


Orvinte H. Kauri has been promoted 
general engineer for Beatrice Foods Co. 
veteran of 24 yr with Beatrice Foods, Ka 
has been assistant engineer for the firm six 
1948. He succeeds Gorpox Hosss, gene 
engineer for the firm sinee 1937, who retir 
after 37 yr with the company. 


0. H. Kahrl Gordon Hobbs 


Mr. Kahrl started with Beatrice Foods 
1939 as a refrigeration service mechanic 
the Danville, Illinois, ice eream plant. 
advanced through various maintenance 8 
engineering positions, then was promoted 
plant superintendent for the Kankakee, I 
nois, ice cream plant. 

Mr. Hobbs began his career with the ec 
pany in the Baxter Springs, Kansas, plant 
1926. He was named engineer for the Tope 
plant and was transferred to the Lincoln, ] 
braska, plant as chief engineer in 1931, 
1933, he was promoted to district engin 
for South Dakota, Nebraska, Kansas, ¢ 
Oklahoma plants. 


NEWS SECTION 


W. W. Snyper, Editor 


A Section Devoted to News of Student Members 


SPOTLIGHT 


The two affiliate chapters of the University 
of Illinois are featured this month. Recently, 
the officers of both clubs have found a way to 
merge some of their activities. We present 
both reports, with the hope that others may 
benefit from their activities. 


Dairy Technology Society 
University of Illinois 


Previous to 1925, one student club in the 
Department of Dairy Husbandry at the Unt- 


versity of Illinois served the needs of 
students interested in dairying. Howe 
when the staff occupied the new Dairy Ma 
factures Building in the fall of 1925, + 
move provided the impetus to form a separ 
group, known as the Dairy Manufactu 
Club, for students whose main interest } 
Dairy Manufactures. This group has b 
an active organization since that time, exe 
for the World War IL years. For about 
yr, Professor P. H. Tracy was the Faeu 
‘Adviser, Since 1946, Professor S. L. Tuc 
has been the official adviser. In 1946 the na 
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of the organization was changed to The Dairy 
Technology Society, and in 1958 it became 
a student branch of the American Dairy Sei- 
ence Association. 


MEMBERSHIP 


All students enrolled in the Dairy Technol- 
ogy Curriculum are members without payment 
of fees or dues. There are 22 members. Offi- 
cers are elected for 1 yr and consist of a Presi- 
dent, Vice-President, Seeretary, Treasurer, 
and Ag Council representative. The Agricul- 
tura] Council is the central coordinating agency 
for the 16 specialized student clubs within 
the College of Agriculture. 


SOCIETY ACTIVITIES 


Meetings are held at monthly intervals with 
a speaker, either from a commercial dairy 
organization or from the faculty of the Col- 
lege. Recently, Professors R. T. Milner and 
KE. O. Herreid showed slides and told of their 
European trips. 

Each fall at Homecoming, the undergradu- 
ate and graduate students prepare a luncheon, 
which is served in the Dairy Manufactures 
Building, for Dairy Technology Alumni and 
their families who return for the Homecoming 
football game. This event provides the main 
source of annual income for the Society. 


THE COMPLETE CULTURE SERVICE 
SPECIALISTS IN CULTURE 
MANUFACTURE FOR 40 YEARS 


All lyophylized cultures available in Flav- 
O-Lac Flakes, ‘'Flakes 40” and Bulk Pkgs. 


Standard package Flav-O-Lac Flakes 
makes 1 quart starter. ‘‘Flakes 40” bottle 
makes 40 quarts culture on first propa- 
gation ...no additional incubation, no 
special treatment involved. 


Buttermilk #1, 2, 3, 4, 5, 6, 7,8, 9, 12, 13, 
14,15 
Cheese #1, 2, 3, 4, 5, 12, 13, 14, 15, 16, 
17, 18,19 
Butter #1, 2,3,4,5 
Sour Cream f1, 2, 3,.4,5 


Each of above is a different blend of phage- 
typed strains selected for acid produc- 
tion, flavor/body development in specific 
products. 

Also: S. diacetilactis, S. thermophilus, S. 
durans (S.D.A.), S. faecalis (D-K), L. bul- 
garicus, L. acidophilus, L. helveticus, Pro- 
pionibacterium shermani, Yoghurt culture 
(3 organisms), Special Cultures on reserve. 


Write for information: Whey phage testing 
service @ Simplified ordering plan & 
Blend rotation by mail @ Roquefort, 
Camembert molds, various Leuconostoc 
strains on agar slants ® New 7th Edition, 
“Friendly Bacteria in the Dairy Industry,” 
63 pages, illustrated 


Cs THE DAIRY LABORATORIES 
SUALARE) 2300 LOCUST STREET, 
ae Philadelphia 3, Pa. 
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Welcoming the Judging Team from Atlantie 
City in 1962. Left to right: Dean K. E. Gardner 
R. T. Milner, Department Head; George Schaufel 
berger; Paul Hocking; Tom Cain; Marvin Alwes, 
alternate; and J. Tobias, Coach. 


One of the most rewarding activity experi 


of the Dairy Products Judging Team. 
the coaching of Professor J. Tobias, the team: 
from the University of Illinois have achieved 
a unique and enviable record of accomplish 
ment—four consecutive championships at thé 
National Dairy Products Judging Contesti 
As a direct result of the teams’ achievements, 
Scott Seibert, team member in 1960, is com 
pleting his M.S. degree at the University o} 
‘Wisconsin and Patricia Crater, team membel 
in 1961, is beginning her graduate study al 
Ohio State University. Each spring the So. 
ciety sponsors a students’ Dairy Products 
Judging Contest similar to the National Con 
test. In addition to the products judged in 
the National Contest, chocolate ice cream 1§ 
also included. Numerous valuable prizes, com 
tributed by commercial firms, are awarded to 
the winners. 


Dairy Tech alumni at Homecoming luncheon. 


The Society encourages all of its membe 
to achieve excellence in scholarship and ma 
an award to each student who receives 4 
all-university average of B or higher for am 
semester. This award consists of an affilial 
membership in the American Dairy Seiené 
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low to make 
good product better... 


For better variety flavors... 
MINIATURE MARSHMALLOWS, white 
and colored, also in whipped and 
syrup form, add new flavor and 
variety to ice cream and sherbet. 


etter ice cream... 


ternate for serum solids; 
atural flavor through, 
per gallon of mix. 
juality stabilizer con- 


For better chocolate milk 
and drinks . . . DARI-LICIOUS 
stabilized chocolate flavored pow- 
ders combine quality with econ- 
omy; made from top grade, fine- 
ground cocoa, stabilized to keep 
from settling. STABILIZED CHOCOLATE FLAVOR 
PowpeERs from Kraft are offered in a wide 
range of types to meet any body and flavor 
requirement. SWEET-K-MALT, evaporated 
malt extract flavor for frozen confections 
and ice cream. 


For better sour cream dips 
...DIP FLAVORINGS by Kraft add 
new variety, new selling opportu- 
nities to sour cream. Tempting 
French Onion and tangy Spicy 
Herb flavors. Fruit Drinks... 


heat shock. 
es... KRABYN, 
izer, soluble in 


d bleeding of color, 


Ice Cream... FRUIT BASE FLAVORS, orange and grape, offer 

lizer, combines two the fresh, natural flavor of real fruit, as well 

rols overrun, assures as new sales opportunities for dairies. Kraft 

ig luncheon. immediate freezing prae Dairy Service Division, Chicago 90, 
inois. 
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Association. The number of affiliate member- 
ships awarded per year since the program 
was started 5 yr ago has increased from one 
to nine. 

Patricia Crater was an outstanding Dairy 
Technology scholar, being elected to Gamma 
Sigma Delta, the Honor 
Society of Agriculture, 
and Phi Kappa Phi, 
the All-University hon- 
orary. She also was 
the fourth high indi- 
vidual as a member of 
the Judging Team in 
1961. 

Dairy Technology So- 
ciety members also 
encourage outstanding 
high school students to 
consider a career in 
Dairy Technology at 
the University of Illi- 
nois, In March of 1963, 
George Schaufelberger, 
senior, and Fred Clusky, freshman, spoke at 
a Dairy Technology Career Day sponsored by 
the Department of Food Technology, at the 
Huntley, Illinois, High School. George Schauf- 
elberger, second high individual in the 1962 
National Judging Contest, received a scholar- 
ship from the Southern Illinois Dairy Tech- 
nology Society, and Fred Clusky received one 
from the Chicago Dairy Technology Society, 
to aid in defraying their college expenses. 


Patricia Crater—an 
outstanding Dairy 
Technology scholar. 


HONORARY MEMBERSHIPS 


The Society recognizes excellence not only 
among its own members but also in other 
individuals associated with the Dairy Indus- 
try. At the annual banquet in 1962, three 
individuals were awarded Certificates of Merit 
and Honorary Memberships in the Dairy Tech- 
nology Society. Carl Hansen, Vice-President 
of Beatrice Foods Company, Champaign, IIli- 
nois; John Wright, Ambrosia Chocolate Com- 
pany, Milwaukee, Wisconsin; and Nikolai 
King, dairy scientist of Melbourne, Australia, 
were selected because of their contributions 
to the Dairy Industry. 

This year a new precedent was established 
when Mike Campbell, the president of the 
Dairy Production Club, was also elected vice- 
president of the Dairy Technology Society; 
a combined banquet for the two clubs was 
held. W. E. Peterson, Professor Emeritus, 
University of Minnesota, was the speaker. 
Sam E. Dean, Jr., Chairman of the Board of 
the Dean Milk Company, Franklin Park, Illi- 
nois, was honored by the Society with the 
Certificate of Merit and Honorary Member- 
ship in the organization. The Dean Milk Com- 
pany employs 22 graduates from the curricu- 
lum in Dairy Technology at the University 
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Certificate of Merit presented to Sam E. Dean, 
Jr. Left to right: Marvin Alwes, President; Pro- 
fessor Emeritus, W. E. Peterson, speaker; and 
Sam E, Dean, Jr. 


of Illinois. This is a record unequaled by any 
other dairy company in Illinois. 


Dairy Production Club 


The primary purpose of the Dairy Produc- 
tion Club is to bring together students and 
faculty members who have dairy production 
interests, thereby stimulating a greater appre- 
ciation of all areas in dairy science. To ac- 
complish this aim, the 40 members of the Uni- 
versity of Illinois Dairy Production Club 
meet once each month during the academic 
year to plan elub activities and to discuss 
timely dairy topics. Members gain leadership 
experience through their participation on com- 
mittees and as officers. The officers are se- 
lected annually in January and this year they 
are as follows: President, Michael Campbell; 
Vice-President, V. Lynn Laible; Secretary, 
Nannette Smith; Treasurer, Don Pritchard; 
Ag Council Representative, Erman Schairer; 
and Reporter, Dan Bock. 

The advisors for the club are selected fr 
the faculty of the Department of Dairy § 
ence. The advisors serve 3-yr rotational terms 
with one new advisor selected annually. Thi 
provides new stimulus and advice for the 
club. Since 1947, when G. W. Salisbury be 
came Head of the Department, the following 
men have served various terms as advisors 
R. E. Brown, K. E. Gardner, and E. E. Ormis: 
ton. The present advisors are J. L. Albright, 
J. G. Cash, and J. C. DeFries. 
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The University of Illinois Dairy Production Club and their advisors. The Club meets in 
the Dairy Science Seminar room in the Animal Sciences Laboratory. 


The club programs feature speakers from 
the University staff and guest speakers who 
discuss a wide variety of subjects of interest 
to students in dairy science. For example, 
speakers this year have been as follows: J. L. 
Albright, En route to the International Dairy 
Congress in Copenhagen; L. R. Fryman, Effi- 
cient Milking Practices; K. E. Harshbarger, 
Governmental Nutrition Survey of Southeast 
Asia; R. L. Hays, Udder Edema; and B. L. 


This year two different dairy judging teams rep- 
resented the University of Illinois at the National 
and International Contests at Waterloo, Iowa, and 
Chicago, Illinois. Pictured above is the team which 
placed first in the Holstein breed and fourth over- 
all (out of 31 teams) in the National Intercolle- 
giate Dairy Judging Contest at Waterloo. Left to 
right are J. L. Albright, coach, and team members 
V. Lynn Laible, John Duis, Ray Ropp, and Jeff 
Gillespie. 


a 


Larson, Radioactive Fallout and the Dairy 
Industry. 

This year’s activities began with a picni 
especially planned so that the freshmen could 
become acquainted with the members, officers, 
staff, and club program. The members of. the 
dairy cattle judging team were announced by 
the coach; the candidates had just completed 
a training trip en route to the Regional Dairy 
Judging Contest at the Kansas State Fair, 
Hutchinson, Kansas, where they placed see- 
ond, After the picnic the judging team left 
for a practice session en route to the Nationa 
Contest at Waterloo, Iowa. 

Where there are cattle judges, there art 
showmen. Another fall activity was a show 
manship eontest sponsored jointly for th 
first time by the Hoof and Horn Club an 
the Dairy Production Club. The showmanshij 
contest consists of experienced and inexperit 
enced divisions and an over-all winner wag 
seleeted. Another event of the evening wa 
a cow-milking contest. Appropriate prize 
donated by national dairy organizations wer@ 
presented at the All-Ag Banquet to the win+ 
ners of the experienced and inexperienced diz 
visions of the dairy showmanship contest am 
the spring judging contest. 

The Illinois Purebred Dairy Cattle Associat 
tion sponsors a calf sale each February, offer 
ing outstanding calves for 4-H and FFA mem 
bers. The Dairy Production Club cooperate’ 
by consigning a calf purchased from the Uni 
versity farm. The members groom and tra’ 
the calf for the sale. They also operate 
food stand. The profits from the food stam! 
and calf project, which amounted to $360 thi 


NIE] 


Suit your taste for color and flavor; there is no 
more profitable variety of Dutch and natural 
processed cocoa, liquor and granules than. 


. PETER'S®> RUNKEL'S® NESTLES 


THE NESTLE COMPANY, INC. 
WHITE PLAINS, NY. 
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year, are used to defray club and judging 
team expenses. 


Several club members are shown with the club’s 
consignment to the 1963 Illinois P.D.C.A. 4-H and 
F.F.A. sale. Standing left to right are V. Lynn 
Laible, Randall Ross, Michael Campbell, Larry 
Muller, Erman Schairer, Jerry Miller; and kneel- 
ing left to right are David Schingoethe, Dan Bock, 
and Ray Ropp. 


eS T0 
“ MAKE THE 


WORLD'S BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing dnd 
freezing equipment, the finest packaging—And 
The Finest Stabilizer—KELCO STABILIZER. 
Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 
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This year the Dairy Production Club coop 
erated with the Dairy Technology Socigty { 
sponsor the first combined Dairy Banquef 
Ray Ropp, the past president of the Dai 
Production Club, was the toastmaster at th 
banquet. Jerry Miller, a former judging team 
member and past club vice-president, wa 
named the outstanding senior and V. Lyng 
Laible was presented with the outstanding 
sophomore award. The speaker for the eve 
ning was Dr. W. E. Peterson from the Uni 
versity of Minnesota. 


In the last spring an Intracollegiate Judg 
ing Contest was sponsored by the club. Prizes 
for inexperienced and experienced contestant 
and house teams were given. A house tear 
consists of three individuals from the sam 
campus housing group. Approximately 50 Uni 
versity of Illinois students participated ig 
the contest. In addition, the judging clas 
from Purdue University participates in th 
contest each year. 


The top showmen in the 1962-63 Showmanshij 
Contest were (right to left): Jerry Miller, Ra 
Ropp, John Duis, Jim Behrens, Fred Cluskey, and 
Art Neavill. 


A tour of outstanding dairy farms and dai 
organizations is scheduled annually. The pur: 
pose of this trip is to observe progressiv 
dairy farmers and new techniques and facil: 
ities connected with the dairy industry. 

This year the club reporter, with the assis 
ance of club members, is preparing a bro 
chure to deseribe the club’s purposes and a 
tivities. This brochure is designed to inform 
high school students and college students abou 
the Dairy Production Club and the Dep: 
ment of Dairy Science. The club also receiv 
publicity through radio tapes, TV appear 
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2625 W. Cullerton - Chicago 8, III. - Phone: (312) Blshop 7-0070 


The University of Illinois dairy judging tea 
which placed first in the 1963 Hoard’s Dairymg 
Collegiate Judging Contest, topping a field of 14 
entries. 


ances, and press releases. An exhibit is prj 
pared about the club by its members for dil 
play at Ag Student Guest Day. As part ¢ 
their public relations program, the club set 
a delegation of officers and club members | 
the American Dairy Science Association me@ 
ing in June. 


Kentucky 


Kentucky’s dairy industry is cooperatil 
closely with the Department of Dairy Scieng 
University of Kentucky, in the recruitmey 
of students in the field of Dairy Manufactuj 
jing. The industry has set up a system ¢ 
| scholarships and is opening its facilities | 
visits by interested students. 

Kenneth E. Mennen, Armour Creamerid 
| Springfield, Kentueky, is chairman of the Kel 
tucky Dairy Education Committee and 


cently told a group of 22 University of Kel 
tucky freshmen that the Dairy Depertee 
at both Kentucky and Purdue have ten jo! 
| for every student they have. He called tt 
shortage of trained personnel critical. 
The college students were on a field tr} 
to visit several dairy plants and farms 
| the state. This group visited Armour Creail 
eries, Springfield, Dean Milk Company, Loui) 
ville, Kraft Foods Co. (cheese plant), Lav¥ 
renceburg, Kentucky, Artificial Breeding A} 
sociation’s stud and a dairy farm. Al } 
Didier, Dean Milk Company, was host to tl 
group for lunch. 
The Education Committee is helping in th 


recruitment program by furnishing scholal 
ships valued at $2,400 this year for studen} 


in dairying. The committee members are al# 
attempting to find suitable candidates amofl 
the young men at the high ool level. Thé 
sponsor these prospective dairy majors at # 
annual Dairy Career Day held by the Univel 
sity. 
More than 60 high school students, spol 
sored by 11 dairy companies and three PP 
ducer groups, attended the recruiting ev 
this y The prospective students were ! 


plains the process to stu- 
Schaefer, Babram Gosh- 
eyhon. K. E. Mennen, Ar- 

ingfield, also watching the 
‘of the Kentucky Dairy Ed- 


mbers for d 

As part 
the club sej 
b members 
sociation me 


to a faculty member 
le and counselor for 
the dairy produc- 
toured places of 
heir way to lunch. 

duction facil- 

of interest on 


JOURNAL OF DAIRY SCIENCE 19 


the campus on their way to lunch. Following 
lunch these high school students heard talks 
by the President of the University, Frank 
Dickey, a Carnation Company official Herbert 
Glenn, and Dr. Stanley Wall, Associate Dean 
of the College of Agriculture. Dr. D. M. 
Seath, Head of the Department of Dairy Sci- 
ence, presided at this meeting. Following a 
tour of the dairy manufacturing laboratories, 
the boys were treated to all the ice cream they 
could eat, and later the boys and their spon- 
sors were the University’s guests at a base- 
ball game. The evening was spent at the Dairy 
Club’s annual Honor Banquet. 


Purdue 


Dairy Club has finished a year of rebuild- 
ing in 1962-63, with the result that over 50% 
of all dairy majors and graduate students 
were enrolled as members. These members 
favored the club with excellent attendance at 
the monthly meetings and were privileged to 
hear several excellent speakers. Dr. Ralph 
Erb, Assistant Head of the Animal Sciences 
Department, spoke on the functions and ac- 
tivities of the American Dairy Science Asso- 
ciation and the Student Branch of the Ameri- 
can Dairy Science Association. Dr. Will Dillon 
of the Purdue Dairy Extension Service spoke 
on the opportunities in the dairy industry and 
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pointed out that over ten inquiries for trained 
dairy production and dairy manufacturing 
specialists are received for every graduate. 
Mr. K. J. Vindsey, Sales Supervisor for the 
DeLaval Company, spoke on modern milking 
practices. Mr. Ward Holm, of the Indiana 
Dairy Products Association, spoke on An 
‘American Dairyman in Russia and showed 
many excellent color slides of his recent trip 
through Russia. Mr, Cornelius Miracle, Man- 
ager of the Normandy Farm, Indianapolis, 
Indiana, spoke on farm management as a 
future for dairy production graduates. He 
also discussed Purdue University’s research 
and management program at Normandy Farm. 

At a recent meeting the ¢lub members 
elected the following officers for the next year: 
Myron Bozel, president; Philip Gordon, vice- 
president; Andrew Azpell, treasurer, Joyce 
Smith, seeretary; and Philip Stoltz, publicity 
director. 

Club officers and members are making plans 
and preparations for next year’s program, 
which is to include a membership drive, in- 
creased student-faculty funetions, several 
money-making projects, and a service program 
to the 4-H and FFA clubs of Indiana. The 
Club, under the continued help and guidance 
of their advisor, Dr. Dean Frazeur, is looking 
forward to the next year with much enthusi- 
asm, 


Accurate profit-control is the job of Mojonnier Milk 
Testers for standardizing butterfat and total solids 
content. * Mojonnier Testers have been a must for 
profitable dairy operation over 45 years. » Fat Deter- 
mination accurate to .03 of 1%. Total Solids Tests 
accurate to 1/10th of 1%. 


Write for full details today 


MOJONNIER BROS. CO. 
4601 W. OHIO ST.,-CHICAGO 44, ILLINOIS 


¢ 7, MILK 


I D Guaury Encweerco ror Economy TESTERS 


STANDARD THROUGHOUT THE WORLD 
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Tennessee 


The annual spring banquet of the Dai 
Club of the University of Tennessee serve 
as the climax for the year’s activities. D 
H. A. Herman, Executive Secretary of th 
National Association of Artificial Breede 
was the main speaker. His topic was oppo} 
tunities in the field of dairy production. 

The student awards were presented by D 
J. T. Miles, Head of the Dairy Departmen 
The Purina Bowl and the Virginia Dare awai 
were presented to Gerald Martin, senior 
dairy production and president of the Dai 
Club. John Housely, a junior, received ty 
awards in the club-sponsored Judging Coj 
test. He was the winner in the dairy cattl 
judging division as well as the over-all co 
test winner. Tom Strasser, a junior, was # 
winner of the dairy products judging divisioj 
The ambrosia chocolate award was also pa 
sented to Mr. Strasser. 

President Gerald Martin presented the Te 
nessee Dairy Science award for 1963 { 
Thomas B. Mayfield of Athens, Tennessé 
This award is presented annually by the ¢ 
to a person who has made an outstandi 
contribution to the Tennessee Dairy Indust 
Mr. Mayfield is President of Mayfield Creai 
ery, Athens, Tennessee. 


Gerald Martin, Dairy Club president, presenti 
the 1963 Tennessee Dairy Service Award to | 
Tom Mayfield, President of Mayfield Creame 
Athens, Tennessee. 


Ohio State Holds Research Symposium 


The Second Dairy Technology Research S¥ 
posium for Management was held on 
Ohio State University Campus, May 23. 
Symposium was designed to acquaint da 
leaders in Ohio with the research program 
the Department of Dairy Technology an@ 
attempt to interpret the research finding 
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lairy Indust neing Knowledge ZER TYPE LC-800, a new liquid stabilizer 
fined by the new Federal Standards of Identity. 
We have long known how ILS improves the 
quality of creamed cottage cheese by making a 
uniform product, helping the cream adhere to 
rs, based on excellent results obtained by 
lichigan State University Department of 
Science**. 
roperties of INSTANT LIQUID STA- 
ILS also provides the popular mild, sweet 
cheese with desirable creamy characteristics 
without the undesirable drainage. 
dent, present Average rate of use is less than 0.20%. ILS 
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ayfield Crea developed exclusively for the stabilization and 
improvement of creamed cottage cheese is now 
the curd and substantially or entirely reduc- 
ing wheying-off. ILS has been used success- 
ER prevent balling and lumping of 
is and assure complete utilization of all the 
is available in pre-weighed unit cans, so that 
one unit may simply be poured into the pas- 
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AMERICAN FOOD 
LABORATORIES, INC. 


1000 STANLEY AVENUE, BROOKLYN 6, N.Y. 
| 1442 Flower Street. Glendale 1, California 


Club of the 


“ILS is a patented and registered prod if 
AMERICAN FOOD LABORATORIES, INC, ucts 


**Original article, published in THE MILK DEALER, avail- 
able upon request, 


Graduating seniors were honored for their 
Club activities and scholastic achievements. 

The challenges and opportunities in_ the 
dairy industry were discussed by three dairy 
industry leaders: W. C. Johnson of the Wis- 
consin Section of the American Dairy Asso- 
ciation, Harry Palmiter, representing the Wis- 
consin Cheese Maker’s Association, and Bruno 
Stein of Marschall Dairy Laboratory, Ine. 
Dr. H. E. Calbert, Chairman of the Depart- 
ment of Dairy and Food Industries, was the 
main speaker for the banquet. 


Theses Completed 


M.S. Degree: 
Ricnarp C. Bernett. Ad libitum versus 
controlled feeding of concentrates to lactating 


Bind Your Copies of the 


Journal of Dairy Science 


The Alexander Bookbinding Company 
has made an arrangement whereby mem- 
bers of A.D.S.A. and subscribers to the 
JournaL or Dairy Scrmence ean have 
their copies bound for only $4.95 for 
six issues and an extra charge of $2.48 
for all twelve issues bound together. Most 
people want their Journas bound in 
six issues rather than twelve, because of 
bulk. 


We bind with the finest grade buckram, 
washable hard-bound case, with your name 
imprinted on the front cover. 

Ship journals parcel post. Bound vol- 
umes will be returned transportation pre- 
paid. Full remittance must accompany 
order. 


Alexander Bookbinding Co. 
SCHOOL-LIBRARY-MEDICAL BINDERS 
605 East Eureka 
Champaign, Illinois 


Telephone 352-6614 
Area Code 217 
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The Babcock Dairy Science Club annual spring banquet. 
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RESEARCH PAPERS 


RBIDIMETRIC METHOD FOR ESTIMATING SUM OF g- AND 
x-CASEINS IN WHOLE CASEIN?* 


H, TESSIER, D. ROSE, anv J. R. MARIER 
 Pivision of Applied Biology, National Research Council, Ottawa, Canada 
SUMMARY 


i in w sei timated in a 

t of B+ x-casein present in whole easein was es! 
Bion Ena easein in the presence of calcium, by means of the 
| optical densities (400 mz) at 0 and 35C; the concentration of 


University. s obtained by difference. By subtracting the «-casein content 
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sialic acid analysis), the amount of B-casein present in the B + x- 
tained. 

Bees oos test solutions containing known amounts of as, B-, 

s gave results which agreed within £2.3%. The method is simple, 

ind suitable for routine determinations. Analysis of caseins ob- 

dividual lots of skimmilk indicated that -casein accounted for 

sein for 10-23%, and a,-casein for 49-60% of the total casein. 


esently available for casein) and B-casein were prepared by urea 
of the main frac- fractionation according to Hipp et al. (3), 
boundary electro- except that the sodium chloride treatment was 


nal For Sali al sedimentation. omitted during purification of a-casein com- 
Boulder, Ca mg and there plex. Each fraction was purified by repeating 
to 36 (191 ch ean be used the procedure three times. Calcium-sensitive 
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(a,) casein was obtained by treating a-casein 
complex with 12% trichloracetic acid accord- 
ing to Swaisgood and Brunner (12), and also 
by the method of Zittle et al. (16) and Morr 
(9). The procedures were repeated three times 


by the method of Swaisgood and Brunner 
ittle (15), and Morr (9). The initial 
ms of x-caseins were dissolved in 
‘droxide at pH 7.0, and residual traces 
sein were precipitated with calcium 
ide (0.25 m). All casein preparations were 
ze-dried and stored at 4 C. 
e Moying boundary electrophoresis patterns 
were obtained on the casein fractions with a 
Spinco Model H apparatus, 11-ml cells, veronal 
buffer pH 8.1-8.3, » 0.1, at 1C. Estimation 
of the peak areas of these patterns indicated 
the following degrees of purity for the casein 
fractions used: a-casein complex, 97%; a,- 
casein, 97%; B-casein, 93%; x-casein, 93%. 
Published values for the sialie acid content of 
a,- and B-caseins (2), and our own analyses 
of the preparations used in this work (5), 
confirm these degrees of purity if it is assumed 
that the impurity is mostly «-casein. The esti- 
4 s+ k- mated purity of the «-casein preparation agrees 
with the data of Swaisgood and Brunner (12). 
The a-easein complex (i.e. a, + «) used con- 
tained 18.3% x-casein by sialie acid analysis. 
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RECOMMENDED PROCEDURE 


Imidazole-calcium reagent. Dissolve 1.201 g 
of reagent-grade calcium carbonate in approxi- 
mately 800 ml of distilled water with 2.0 ml 
concentrated hydrochlorie acid, then add 0.680 
g of imidazole, adjust to pH 7.0 with 1 x 
sodium hydroxide, and make to one liter. 

Test solution, prepared from dry casein prep- 
arations. Dissolve 0.075 g of dry acid casein 
or mixed casein fractions in 20 ml of water 
containing 0.13 ml of 1.0 » sodium hydroxide. 
After dissolution, adjust to pH 7.0 with 1.0 x 
hydrochloric acid, and dilute to 25 ml with 
water. The final casein concentration of this 
preparation is 0.3%. 

Test solution, prepared from skimmilk. Pi- 
pette an aliquot of skimmilk containing 0.075 g¢ 
of casein into a 15-ml centrifuge tube contain- 
ing 10 ml of water. (Note: The volume of 
skimmilk required is calculated from casein N 
determinations; the aliquot required varied be- 
tween 2.2 and 3.2 ml.) Precipitate the casein 
by adding 0.125 ml of 1.0 x hydrochloric acid 
and centrifuge 5 min at 580 x g. Wash the 
precipitate by suspending twice in 0.1 N so- 
dium acetate buffer (pH 4.6) and once in dis- 
tilled water, centrifuging as before. The pre- 
cipitate is then dissolved, adjusted to pH 7.0, 
and diluted to 25 ml as outlined in the pro- 
eedure for dry easein preparations. 

Turbidimetric measurements. Pipette 5.0 ml 
of casein solution and 10.0 ml of the imidazole- 
calcium reagent, both at 0, into a cold col- 
orimeter tube, mix thoroughly, equilibrate for 
45 min in an ice bath, and measure the tur- 
bidity at 400 mp with an Evelyn colorimeter 
(1.9-em light path), using 15 ml of water as a 
blank. After this first reading, place the sam- 
ples in a bath thermostated at 35 C for 10 min 
and again measure the turbidity at 400 mp. 
(Note: The samples must be removed from 
the baths one at a time, wiped dry, and read 
immediately, so as not to introduce tempera- 
ture variations.) Determine the difference in 
optical densities at 35 and 0C (AOD) and 
caleulate the % 8+ x-casein by reference to 
a standard curve prepared with known mixtures 
of a,-, B-, and x-caseins. 


RESULTS 

In the presence of 0.02 m calcium, neither 
a,- nor f-casein could be maintained in sus- 
pension at 35 C. x«-Casein gave almost a clear 
solution at both 35 and 0C (A OD essentially 
zero). However, solutions of a-complex or 
whole casein formed reproducible suspensions 
at either 35 or 0C, and the turbidity of such 
suspenrions changed markedly with tempera- 
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ture. This effect was produced by the «-cay 
present in the a-casein complex, and by b 
f- and x-caseins present in whole casein. | 
cause x- and @-casein appeared to affect 
turbidity in a similar way, the relation of 
sum of f- and «-casein with turbidity 
studied. 

The concentration of casein (0.1% in a fi 
test mixture) used for the test was selected 
that both the 0 and 35C readings were wit 
the optimum range of the instrument used, 1 
to give a maximum optical density differe 
(Figure 1). At the calcium concentration u 


0.6 
0.5 
0.4 


0.2 ] 


A OD. AT 400mp 


0.1 


—__|_ _—|__ 
Ol 0.2 0. 


% CASEIN IN THE FINAL SOLUTION 


Fic. 1. Effect of acid casein coneentratior 
the final solution on A OD at 400 ma (8 mm/] 
of ealeium throughout). 


(8 mm/liter in the final test mixture), cal 
concentration was quite critical, because hig 
concentrations gave rise to a coarse suspen! 
with proportionately low OD at 35 C. | 
The effect of calcium concentration | 
studied over the range from 2 to 14 mu/l 
in the final test mixture. Turbidity at both 
and 0C increased with increasing calcium, 
the net effect at fixed casein concentration | 
a decrease in A OD (Figure 2), When cale 
ion was reduced to 6 mm/liter or less, 
plot of A OD vs. per cent 8 + x-easein did 
extrapolate to zero A OD at zero B + x- 
This observation suggests that under these | 
ditions insufficient caleium was present toy 
mote normal micelle formation; therefo 
mm /liter calcium in the final test mixture 
used. The calcium concentration in this t 
critical and should be controlled accuratel 
obtain reproducible results with diff 
batehes of imidazole-calcium reagent. 
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purities present in each fraction. To avoid 
bias in the curve, a large number of mixtures 
and several preparations of each fraction were 
used, with corrections applied as follows: 


1. a-Casein complex containing 18.3% «-ca- 
sein based on sialie acid determination (5) 

2. a-Casein complex + A-casein, assuming 
18.3% x-casein in the complex and 7% 
in the B-casein 

3. a,-Casein + «-casein, assuming 3% «-ca- 
sein in the a,-casein (the 7% f-casein in 
the x-casein does not affect the results) 

4, Mixtures of a,-, B-, and «-caseins, assum- 
ing 3% «-casein in the «,-casein, and that 
the 8- and «-casein preparations were con- 
taminated only with each other. 


Data obtained with these mixtures, under 
the conditions specified above (0.1% casein 
and § mm calcium in the final test solution, 
pH 7.0) are shown in Figure 3. 

With test solutions containing a,- and «- (but 
no B-) ecaseins, the turbidity differential ob- 
tained at 35 and 0C was directly related to 
the proportion of «-easein present in the mix- 
ture. Analysis of the a-casein complex, ob- 
tained by urea fractionation, indicated a x-ca- 
sein content of 18.0%; this value was in good 
agreement with the value of 18.3% estimated 
from sialic acid analysis. 

Analysis of known proportions of a.-, By 
and «-caseins invariably produced differential 
turbidity measurements related to the sum of 
f- and x-caseins present, The relation was the 
same as that obtained for simple «,-«-casein 
mixtures. From these results it was concluded 
that the method could be used as a reliable 
index of the sum of f- and «-easeins present 
in whole casein. The proportion of f-casein 
ean be calculated by subtracting the x-casein 
content, as estimated by sialic acid analysis 
(5). The undetermined casein fraction con- 
sists largely of a,-casein. 


TABLE 1 


md 35 after the addition of imidazole-calcium reagent on the 
yy of a-complex + f-casein mixtures 


Optical density at 400 mz 


ander these 


Time, min, 35C 


present to * 

n; therefor 40 60 10 20 30 
0.573 0.577 0.959 0.959 0.959 
0.523 0.530 0.989 0.989 0.989 
0.423 0.426 1.000 1.000 1.000 
0.347 0.349 1,011 1.022 1.011 


1,000 1.011 1.022 


0.5 


sta 


A 0.0. AT 400mp 


to 20 30 40 50 60 70 
% AtK CASEINS 


Fic. 3. Calibration curve obtained with various 
easein mixtures. J, a-complex; @, a-complex + 
B: X, an tx; O, ant et B 


Statistical analysis of these data indicated 
good reproducibility, and gave the relation 
A OD = 0.0129 + 0.0128 + 0.0004 (% 
B+ «-casein) 
or % B+ .«-casein = (approx) 76 X A OD 
+ 23% 


During development of the standard curve, 
it was noted that when a mixture of a,- and 
x-caseins, purified by passing three times 
through a diethylaminoethyl-cellulose column, 
was used in the test (10), the turbidity at 0C 
developed extremely slowly. Readings taken 
after 1 hr gave values which deviated from the 
ealibration curve by as much as 6%, indicat- 
ing an inconsistent development of turbidity. 
No attempt was made to establish a new set 
of conditions for caseins treated in this manner. 

Analysis of caseins. The method was applied 
to the routine estimation of the proportion of 
B++x-casein present in whole acid casein; 
sialic acid determinations (5) were used to 
estimate the x-casein. #-casein and a,-casein 
were then determined by subtraction. 

Results of routine determinations with indi- 
vidual skimmilk caseins are shown in Table 2. 
The proportion of 8 + «-casein present in whole 
easein varied between 40.5 and 51.5%, while 
that of a,-casein was between 48.5 and 59.5%. 
B-casein comprised from 19 to 36.3%, and «- 
easein from 9.7 to 22.7% of the total casein. 
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TABLE 2 

Analysis of easein fractions of skimmilk 
% Casein 
Cow aa-Ca 
no. B+kK ne B sein 
1 40.5 21.5 19.0 59.5 
2 44.5 21.7 22.8 55.5 
3 46.0 22.7 23.3 54.0 
4 41.5 16.1 25.4 58, 
5 45.7 18.9 26.8 54, 
6 43.5 14.9 28.6 56.5 
id 44.5 OF 34,8 55.4 
8 49.3 13.0 36.3 50.7 
9 51.5 11.6 39.9 48.5 
10 50.4 17.3 eI 49.1 
( ye een estimated from sialic acid ana’ 
5 

DISCUSSION 

Originally, this method was expected 


measure f-casein only, because this form 
casein is monomeric at low temperatures | 
readily aggregates at temperatures above ]| 
(13, 14). However, under the conditions 
the test, the aggregation of x-easein with 
casein affected the turbidity in the test i 
manner quite similar to that of 8-casein ¥ 
the a-casein complex. 

Studies with known mixtures of the varit 
caseins have shown that some aggregation 
eurs at 0C, but that it requires up to 40 
to attain equilibrium. When heated to 38 
a much greater degree of aggregation is 
idly attained. Increasing the proportions 
x- or f-casein in the mixture decreased | 
turbidity of the solution, and this is most 
parent at 0C. 

The possibility that the y-casein present 
whole acid casein behaved in the test simil 
to B- and x-easein cannot be disregarded e 
pletely. Hipp et al. (3) indicated a close s 
larity between §- and y-casein based on 
solubility of these two fraetions at 2.5 
25C. If this is the case, the values repo 
in this paper for f-casein would be in e 
by the amount of y-casein present. The val 
reported for y-easein content of whole § 
casein range from 3-9% (1, 4, 7, 11); howe 
the average value of 3% obtained by Hip 
al. (3) appears to be move reliable for 
lactation milk. 
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VOLATILE COMPOUNDS IN LADINO CLOVER AND OFF-FLAVORED 
MILK +? 


A. E. WOODS® anp L. W. AURAND 
Department of Food Science, North Carolina State College, Raleigh 


SUMMARY 

A low-temperature, high-vacuum distillation method, with liquid nitrogen 
trapping, was used to separate the volatiles from milk, The carbonyls were then 
precipitated as the 2,4-dinitrophenylhydrazones, washed, and dried. The car- 
bonyls were regenerated by flash exchange, fractionated by gas liquid chro- 
matography, and identified by retention times. Ethanal, acetone, and butanone 
were present in normal milk. In addition, 2-methylpropanal and 3-methyl- 
butanal were present in off-flavored milk. Quantitative determinations of the 
individual compounds were performed. Steam distillates from Ladino clover 
were analyzed to determine the identity of the volatile components in the clover 
which may impart an off-flavor to milk. The volatiles were identified as car- 
bonyl compounds and were fractionated in the same manner as above. Ethanal, 
acetone, butanone, pentanal, 2-methylpropanal, and 3-methylbutanal were pres- 
ent in all samples. Propanal was present in winter and summer samples of 


Ladino clover. Butanal was present in only spring clover. 


Ladino clover fed with either fescue or or- 
chard grass constitutes an important part of 
the winter pasture program of many southern 
dairymen. The need for these green forages is 
increased in early spring. Ironically, the dairy- 
men have been limited in the extent to which 
these feeds can be used, because an off-flavor 
is imparted to the milk during this period of 
time. Little information is available regarding 
the chemical nature of the volatile components. 
Consequently, studies were made of the compo- 
sition of the volatile components in Ladino 
clover and the volatile components in the off- 
flavored and normal flavored milks. 


EXPERIMENTAL PROCEDURES 
Ladino clover. Samples were collected 
throughout the growing season from a pure 
stand of Ladino clover located on the college 
farm. The samples were extracted immediately 
or were stored at —20 C until time of analysis. 
Off-flavor milk, A switchback type of feed- 
ing experiment was used to produce the off- 
flavored milk. Four Holstein cows were se- 


Received for publication Mareh 7, 1963. 
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in the Journal Series of the North Carolina Agri- 
cultural Experiment Station. 

*This investigation was supported in part by 
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3 Present address: Chemistry Department, Mid- 
dle Tennessee State College, Murfreesboro. 


lected for the experiment. Two of the 
were placed on diets of hay and grain. 
milk from these animals served as the co 
The two remaining cows were pastured 
Ladino clover-orchard grass pasture. A 
end of a 2-wk feeding trial, the diets 0 
two pairs were reversed. The cows were 1 
twice each day by hand. The samples 
taken to the laboratory (15-20 min), cool 
7 C, and processed within a 24-hr period. 
morning milks and the evening milks 
pooled. 

Steam volatile components from clover. 
Ladino clover (500 g) was blended witk 
tilled water (1,000 ml) in a 1-gal cay 
Waring Blendor. The slurry was poured 
a flask and the flask attached to a simple: 
distillation system consisting of a steam 
erator, distillation flask, condenser, ic 
cooled trap, and a 2,4-dinitrophenyl (I 
hydrazine trap. The gas trap containing } 
hydrazine reagent (200 mg in 20 ml co 
trated hydrochloric acid) was used to @ 
that all carbonyl compounds were tra 
The distillate was treated with the DNI 
drazine reagent. The turbid suspension 
allowed to stand at room temperature fi 
hr. The DNP hydrazones were collecte 
centrifugation, washed with 2 N hydroe 
acid and water, and dried to constant weilf 
reduced pressure over phosphorous pent 

Volatile components from milk. Tsolati 
the volatiles from milk was accomplished 
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p, low-temperature distillation ap- 
mre 1), Ten liters of cold (7 C) 
Jaced in a 12-liter distilling flask 
tached to the system. The pres- 
lowered to 750 » of mercury. 
of 750 » was reached, heat 
distilling flask by means of 
he temperature was not 


utrogen A distillation period 
ve then ‘the removal of the car- 
he car- : 
ad chro- the flavor volatiles 
utanone two liquid nitrogen 
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paring the infrared spectra of the DNP hydra- 
zones of the unknowns and authentie com- 
pounds. For recovery of the fractional car- 
bonyls the resolved carbonyls were trapped at 
the exit port of the fractometer in DNP hy- 
drazine solution. The DNP hydrazones were 
washed, dried, then pressed into potassium 

bromide pellets for infrared analysis. 
Estimation of carbonyl derivatives. For 
quantitative evaluation, the procedure for ob- 
taining the DNP hydrazones and fractionation 
of the carbonyls was the same as the procedure 
outlined above. The DNP hydrazones were dried 
and weighed before chromatographic analysis. 
To determine the quantities of carbonyl present 
in the sample, the following formula was used : 
Concentration of carbonyl in pg/liter = 

R xX T, xX MW. X 1,000 
MW, 

R= Ratio of the area under the peak 
for free carbonyl to the total areas 
of the carbonyls 

T, = Total weight of the DNP hydra- 
zones in milligram per liter 

MW. = Molecular weight of the carbonyl 
MW,, = Molecular weight of the hydrazone 


RESULTS AND DISCUSSION 

The milk from cows pastured on Ladino 
clover-orechard grass possessed an off-flavor 
which gradually decreased in intensity from 
early April to June. Preliminary studies indi- 
cated that the flavor of milk was always more 
bland following distillation than before the 
treatment, indicating the flavor was volatile in 
nature. Subsequent studies showed the volatile 
flavor components were carbonyl compounds. 

A typical chromatogram of the volatile ear- 
bonyls in a high-quality milk obtained from 
cows on the hay-grain control ration showed 
ethanal, acetone, and butanone to be present 
(Figure 2A). Bassette and Whitnah (1) ob- 
served that high-quality winter milk, produced 
on a hay-grain ration, contained acetone and 
butanone. Wong and Patton (5) reported 
the presence of methanal, ethanal, acetone, 
butanone, pentanone-2, and hexanone-2 in fresh 
whole milk. Wishner and Keeney (4) isolated 
methanal, ethanal, acetone, and butanone from 
pasteurized whole milk. Thus, it appears that 
even though some variation occurs in the vola- 
tile carbonyls present in high-quality milk the 
chromatograms might be used objectively to 
evaluate the flavor quality of a milk. 

The milk from cows pastured on Ladino 
elover-orchard grass was subjected to the same 
analytical procedure as the milk from the con- 
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Fic. 2. Gas chromatograms of volatiles from 
normal and off-flavored milk. Column tempera- 
ture 820, Helium flow rate 32 ml per minute, 
Column-diisodecylphthalate. The peaks represent 
air (1), ethanal (2), acetone (3), 2-methylpro- 
panal (4), butanone (5), 3-methylbutanal (6). 
Ordinate represents recorder response, abscissa 
represents time. 


trol group. Gas chromatograms of the milk 
produced by cows on summer (June) Ladino 
clover-orchard grass were the same as shown 
in Figure 2A. In contrast, the off-flavored milk 
produced by cows on spring Ladino clover- 
orchard grass showed the presence of ethanal, 
acetone, butanone, 2-methylpropanal, and 3- 
methylpropanal (Figure 2B). Comparison of 
the two chromatograms show that ethanal, ace- 
tone, and butanone were present in both the 
normal and off-flavored milk; however, 2-methyl- 


TABLE 1 


Concentrations of carbonyls obtained from normal 
and off-flavored milk * 


Off-flavored 
Compound Normal milk milk 

(ug/ (ng/ 

liter) (%) liter) (%) 
Ethanal 2.9 2.6 4.3 2.9 
Acetone 95.7 88.3 122.1 83.1 
2-Methylpropanal 0.0 0.0 43 2.9 
Butanone 9.8 9.1 15.2 10.2 
3-Methylbutanal 0.0 0.0 1.3 0.9 


“Six different samples of each kind of milk. 
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tanone comprised the major portion of the 
volatile components in all samples. The volatile 
carbonyls, 2-methylpropanal and 3-methylbu- 
tanal, were present in all Ladino clover sam- 
ples. Thus, the composition of the feed does 
not appear to be related directly to the flavor 
components in the milk. Presumably, many 
factors are involved in the flavor of milk, not 
the least of which would be the rumen. 
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SUMMARY 


A tracer study was made to determine how much of the lactose in ecow’s milk 
combined with the protein fraction on heating. This was done by adding an 
aqueous solution of lactose-1-C™ to fresh skimmilk, allowing it to equilibrate 
before heating, isolating protein, by acid precipitation or exhaustive dialysis, 
and counting the C“ in the isolate. Protein isolated by either method contained 
C™ tracer, indicating a protein-lactose interaction to form a stable complex. 
The protein fraction of raw skimmilk was found to contain 0.03% of the added 
tracer. Heating the dosed skimmilk at 145 and 208 F for 30 min resulted in the 
presence of 0.06 and 0.7% of added tracer in the protein fraction. These values, 
then, represented the percentages of lactose, either in the form of intact lactose 
or radioactive fragments thereof, combined with the protein as a result of the 


heat treatments accorded. 


Studies of Kass and Palmer (4), and Gould 
(1), have shown that considerable destruction 
of lactose occurs in milk when it is heated for 
prolonged periods at elevated temperatures. 
Grimbleby (2) demonstrated that there was 
an inverse relationship between the titratable 
acidity and formol titer of raw separated milk 
heated at temperatures of 60, 70, and 80C. 
These results suggested that the combination 
of lactose and protein, with the elimination of 
basic amino groups attached to protein, is one 
of the main reactions responsible for heat-in- 
duced acidity. Patton and Flipse (5) estab- 
lished that when lactose-1-C was added to 
raw milk which was then heated, a portion of 
the added radioactivity became bound by the 
protein. The amount of radioactivity bound 
was directly related to the extent of heat treat- 
ment. The objectives of the present study were 
to extend this observation to heat treatment at 
lower temperature and confirm their finding by 
using the more efficient scintillation counting 
technique, since made available, instead of 
planchet counting. 


EXPERIMENTAL PROCEDURE 


A pint of fresh, uncooled milk from the 
morning milking of Holstein cows was pre- 
served with about 5 ml of toluene and promptly 
brought to the laboratory. Most of the fat was 
separated from the milk by centrifuging in 
250-ml bottles with a No. 2 International Cen- 
trifuge at 1,700 rpm for 5 min, Skinmilk was 
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withdrawn from below the fat layer wit 
pipette and transferred to 40-ml centrifi 
tubes. Recentrifugation removed traces of | 
Forty-nine milliliters of this skimmilk, tr 
ferred to a 125-ml Erlenmeyer flask, was do 
with 500 yl of lactose-1-C™ solution contain 
an activity of 2.196 x 10° disintegrations 
minute (DPM) per milliliter, and follo 
with one 500-zl water rinse of the pipette. 1 
mixture was agitated and allowed to stand 
hr at room temperature. Fifteen millilite 
this dosed skimmilk was transferred into é 
of two 20-ml vials, which were then closed ¥ 
serew caps. One vial was held in a 145 F wi 
bath for 30 min. The other was held’in a bh 
ing water bath at 208F for half an 
After these were cooled to room temperatt 
two 5.0-ml aliquots of each of the raw 
heat-treated milks were pipetted into sepa 
dialysis bags. Two drops of toluene were ad 
to the contents of each bag. These bags 
been formed by tying a knot in one end of 
8-in. length of cellulose dialyzing tubing | 
in. in diameter) with an average pore size 
48 Angstrom units and a thickness of 0.0008 
The six dialysis bags containing the 5 
aliquots were attached, by means of cellopht 
tape, to a rod suspended vertically from a 
stand. The assembly was lowered, so that 
dialysis bags extended 3 to 3.5 in. into 50! 
of phosphate buffer contained in a bea 
The buffer was M/50 in both Na,HPO: 
and NaH.P0O,.:H.O. The beaker con 
l-in. polyethylene-coated magnetic stirri 
and rested on a variable speed magnetie st 


EIN : 
speed of the stirrer was adjusted to 
ovement of the buffer solution around 
bags. The whole unit was held in 
er during the period of dialysis. 
was placed in the beaker at suc- 
ervals of 18, 8, 16, and 8 br. The 
s period was 16 hr. Contents of 
bags were transferred to special 
’s milk ating vials (Packard Instrument Co., 
Sita finois). These were placed in a 
‘hig He th and most of the water evapo- 
Behe samples. Each residue was 
ialysis, 1 of Hyamine 10-X solution 
aves ent Co.) and the vial capped. 
mplex. ing in a hot water bath below 
: added on on a Vortex Mixer (Sci- 
ame the es, Inc, Springficld, Mass.) 
values) idues into solution. Ten milli- 
1actose Jation solvent was added to each 
of the fillation solvent contained 150 g 
e, 30 g of 2,5-diphenyloxazole 
, of 1,4-bis-2-(5-phenyloxazolyl)- 
OP), 500 ml cellosolve, and 2,500 
t layer wi of reagent grade. The mixture 
O-ml enti ith 10% v/v H.SO, in ethanol, 


culties from phosphorescence 
nes occur in protein-Hyamine 
Capped vials were placed in a 
cintillation Spectrometer (Se- 
d Instrument Co.), cooled, 
several 30-min periods. To 
round count, a vial containing 
0-X, 10 ml scintillation sol- 
3d with ethanolic sulfuric acid 
'ri-Carb and counted along 
we same conditions as the ex- 
s. To determine the fraction 
ich was nondialyzable, or 
the protein fraction, it 
now exactly the activity of 
ded to skimmilk, as well as 
sample. The addition of 
toluene-C™, served to de- 
mey and, in each case, 
mal differences in the 
values allowed direct 
nts by conversion of 


ved to stand) 
en millilite 
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then closed 1 
na 145¥ wi 
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half an 


a one end 0} 
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ige pore si 
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tose-1-C" reflected the behavior of all the lactose 
in the dosed skimmilk. Preliminary experi- 
ments indicated that heating of skimmilk con- 
taining added lactose-1-C™ resulted in an in- 
erease of radioactivity in protein which was 
precipitated at pH 4.6, soaked, and washed 
several times with water. To lessen the possi- 
bility of occluding lactose-1-C’* in the precipi- 
tate, thus leading to an erroneous observa- 
tion, it was decided to remove the lactose-1-C™ 
by exhaustive dialysis. The data obtained in 
these latter experiments confirmed the earlier 
observations and are presented in Table 1. 

Pasteurization, 145 F for 30 min, of the skim- 
milk doubled the nondialyzable radioactivity 
found in the similar fraction of raw skimmilk; 
namely, from 0,03 to 0.06% of the added radio- 
activity. Heating the skimmilk to 208F for 
30 min gave a tenfold increase in the non- 
dialyzable radioactivity over that found in the 
identical fraction of pasteurized skimmilk. 

Grimbleby (2), in his studies on heat-induced 
acidity in milk, determined polarimetrically the 
effect of heat on the lactose content of raw sep- 
arated milk. His results showed a loss of 1.5% 
of the lactose when separated milk was heated 
to 100 C for 0.5 hr. In our experiments, simi- 
lar heating, 208 F (98 C) for 30 min, Table 1, 
showed that 0.68% of the added radioactivity 
was nondialyzable. This accounts for about 
half of the lactose destroyed, as measured by 
Grimbleby (2). That is to say, possibly only 
a fraction of the lactose destroyed by heat was 
aceounted for by radioactivity in the non- 
dialyzable fraction. On the other hand, it is 
possible that nonlabeled fragments of lactose 
could have combined with protein undetected 
by our methods, 

While Patton and Flipse (5) found that 
slightly more than 1% of the radioactivity from 
added lactose-1-C was bound by protein when 
whole milk was heated at 97 C for 30 min, the 
current study shows that 0.7% was bound when 
skimmilk was heated at 98 C for 30 min. Pos- 
sible explanations for this difference may be: 
(a) variations in the medium used for experi- 
mental purposes, (b) variations in heat treat- 
ment, since Patton and Flipse (5) do not indi- 
cate whether time to reach the indicated tem- 
perature was considered part of the total heat 
treatment, or (ce) use of a more precise meas- 
uring device in scintillation counting as com- 
pared to planchet counting. 

The nondialyzable nature of the radioactivity 
remaining in the heated skim, as compared to 
the readily dialyzable nature of the lactose-1- 
C™ added, indicated that a relatively large 
molecule had been formed with (or from) a 
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TABLE 1 


Heat-indueed lactose-protein combination in skimmilk as studied by use of added * radioactive 
tracer, lactose-1-C** 
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Heated skimmilk 


Treatment Raw skimmilk 
(145 F-30 min) (208 F-30 min) 
Sample no. 1. 2 a 2 1 2 
DPM? 321 396 654 596 7,570 7,358 
Per cent of activity added 0.029 0,036 0.060 0.054 0.69 _ 0.67 


“The activity added per 5.0-ml sample used was determined on the dosing lactose solution 


and found to be 1.098 X 10° DPM. 


> DPM was determined by correcting the observed net count rate for the counting efficiency, 
as indicated by the addition of certified GC" standard. 


relatively small molecule, lactose. Neither the 
nature of the complex, nor the mechanism by 
which it is formed, is revealed in this study. 
Whatsoever the combination, or the manner 
in which it is formed, it is evident from this 
tracer study that the compound formed is de- 
rived from and involves the added lactose-1-C™. 
Furthermore, since the preliminary experiments 
with acid precipitation of protein from heated 
skimmilk which had been treated with lactose- 
1-C™ gave the same results, it is concluded that 
the complexing took place with the protein. 
The identical results obtained under these dif- 
ferent conditions of protein isolation point to 
the relative stability of the complex under 
conditions of dialysis. 
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SUMMARY 
Twenty-four amino acids were studied as to their effect on germination of 
illus licheniformis spores, and only t-alanine, u-cysteine, and t-valine 
ly stimulated germination. Considerable variation in the rate and extent 
ation in response to L-cysteine and t-valine was observed with several 
of B. licheniformis obtained from raw milk, but all isolates responded 
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‘microorganisms in the modern 
significant because of their 
Jatively high heat resistance, 
ent trends in the dairy in- 
er pasteurization tempera- 
storage times for both raw 
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‘This particular organism 


ies on other members of 
e revealed that amino 
7 satisfy germination re- 
spores (10, 16), but 
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no acids have been re- 
some intraspecies differ- 
ed (17). 
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y to alanine. The rate at which germination occurred in the presence 
-amino acids with one particular isolate of B. licheniformis was extremely 
with significant germination evident after 4 min of incubation with 
after 6 min with L-cysteine, and after 8 min with L-vajine. Very 
els of L-alanine were sufficient to stimulate considerable germination of 
with 0.0005 and 0.001% u-alanine inducing 40 and 
g after 15 min of incubation at 35. p-alanine 
mly slightly stimulatory to spore germination, and when present with 
concentrations of 1-alanine, the stimulatory effect of u-alanine was in- 


METHODS: 

Preparation and standardization of spore 
suspensions. Isolates of B. licheniformis were 
obtained from different samples of raw milk. 
Spores were produced by inoculating actively 
growing vegetative cells onto Nutrient Agar 
(Difeo) slants containing 1.0% starch and 
0.01% manganese sulfate (2, 6). Greater than 
90% sporulation of all isolates occurred after 
four days of incubation at 35 C. 

The spores were washed from the agar slants 
with sterile M/100 phosphate buffer (pH 7.2), 
and concentrated by centrifugation at 3,000 
rpm in an International Model 8-1 centrifuge. 
The spores were resuspended in phosphate 
buffer and the washing and centrifugal steps 
repeated four times. The washed spores were 
resuspended, heated at 80 C for 10 min to elim- 
inate viable vegetative cells, and centrifuged 
a fifth time before the suspension was stand- 
ardized. This procedure provided clean spore 
suspensions, as evidenced by the absence of 
vegetative cells and cell debris by (a) phase 
contrast microscopy and (b) light microscopy 
of erystal violet-stained smears (4). 

Spore suspensions in M/100 phosphate buf- 
fer were standardized turbidimetrically to 58% 
light transmission, using a Bausch and Lomb 
Spectronie 20 Colorimeter at a wave length of 
725 mu. This provided a suspension of 10° 
10% spores/ml. Spore suspensions were used 
within 24 hr after preparation. 
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Determination of germination response to 
amino acids. Two methods were utilized for 
determining spore germination: (a) a quali- 
tative procedure involving the inerease in per 
cent light transmission of spore suspensions 
upon germination (7), and (b) a quantitative 
plate count procedure based on the loss of 
heat resistance of germinated spores (1, 18). 
The latter method employed the dilution heat- 
shock technique outlined by Fernelius (5), in 
which 1 ml of the spore suspension was added 
to 99 ml of sterile distilled water which had 
been tempered to 80C in a water bath before 
the addition of spores. Heating at 80 C was 
continued for 10 min, and the ungerminated 
spores surviving this heat treatment were enu- 
merated on Plate Count Agar {Difeo) eon- 
taining 0.1% soluble starch (15) after ineuba- 
tion at 35 C for 18 hr. 

The amino acids were added to the spore 
suspensions as 10% solutions in 2 n HCl, the 
pH was adjusted to 7.2 with 0.1 x NaOH, and 
phosphate buffer was added to give a final 
concentration of 0.1% amino acid. This mixture 
was incubated at 35C and aliquots were re- 
moved at 0-, 15-, 30-, 45-, 60-, and 120-min 
intervals to determine germination. For com- 
parison, a control sample was used to which 
no amino acid was added. 


RESULTS 

Germination response to various amino acids. 
A study was made of the effects of 24 amino 
acids on the germination of spores of B. lich- 
eniformis isolates, utilizing optical density 
measurements. Amino acids which did not stim- 
ulate germination were: pr-alanine, L-arginine, 
p-asparagine, L-asparagine, p-aspartic acid, L- 
aspartic acid, D-cysteine, t-cystine, L-glutamic 
acid, p-glutamie acid, glycine, t-histidine, p- 
methionine, 1-methionine, L-proline, p-phenyl- 
alanine, 1-phenylalanine, p-tryptophane, L- 
tryptophane, and p-valine. 

The amino acids t-alanine, t-eysteine, and 
L-valine markedly stimulated germination, and 
p-alanine was slightly stimulatory. Results ob- 
tained with one isolate of B. licheniformis uti- 
Jizing these amino acids are presented in Fig- 
ure 1. Germination occurred very rapidly in 
response to L-alanine, L-cysteine, and L-valine, 
with 92, 85, and 70% germination, respectively, 
occurring after 15 min of incubation. The re- 
sponse of the spores to p-alanine was low, with 
only 5% germination oceurring during 15 min. 
The total level of germination essentially was 
complete after the first 15-min period, with less 
than 10% increase during the remainder of 
the incubation period with L-alanine, L-cysteine, 
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Fic. 1. Germination of spores of B. lie 
formis A in response to L-alanine, D-alanini 
cysteine, and L-valine. 


and L-valine. The total level of germini 
was reached after approximately 1 hr of 
bation in the presence of p-alanine. 

To determine whether different isolates f 
raw milk would respond similarly to st 
latory amino acids, the germination resp 
of seven isolates of B. licheniformis to @ 
tralanine, L-cysteine, and t-valine was di 
mined. Results obtained are presented in T 
1. These data show the germination resp 
after 15 min as an index of the rate of 
mination, and after 2 hr of incubation a 
jndex of total germination. 

‘All isolates showed greater germination 
t-alanine than with t-eysteine or t-valine, | 
siderable variation occurred in germinatio 
tween isolates with n-cysteine and -valint 
general, with the exception of isolate c 
mination response to t-alanine, both afte 
min and 2 hr, was relatively constant. The 
tial response of isolates to L-cysteine 8 
valine was quite variable, ranging from § 
85.3% with t-eysteine, and from 18.8 to @ 
with u-valine after 15 min of jneubation, 

Tt is evident from these data that the 
nation occurring during the first 15-min P 
may serve as an index of total germinatio 
sponse with t-alanine, but it does not pI 
an index of total germination response 
eysteine and 1-valine for all isolates sb 
Isolates B, C, and D germinated consid’ 
in response to L-cysteine following the} 
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TABLE 1 


ns 
INE Germination response of different isolates of B. licheniformis to amino acids * 
Per cent germination after Per cent germination after 
A Isolate 15 min of incubation 2 hr of ineubation 
—yW L-alanine L-cysteine L-valine L-alanine L-eysteine L-valine 
A 91.9 85.3 70.5 98.8 91.5 77.6 
B 86.2 33.2 18.8 93.0 62.5 43.6 
cc 70.0 5.5 21.5 97.4 21.6 43.8 
D 90.8 28.1 23.7 95.8 51.5 61.3 
E 91.8 66.7 27.1 95.7 79.7 57.0 
EF 93.2 47.0 59.6 97.4 61.5 77.0 
G 90.7 46.2 23.9 97.9 64.2 45.3 
* Average of three to five trials with each isolate. 
eriod, and the same was true for iso- lowing initiation of germination, there was an 
INE , D, B, and @ with -valine. increase in light transmission of approximately 
germination response 10 t-alanine, 1% per minute, irrespective of the amino acid. 
and L-valine. To determine the re- Effect of D-alanine on the germination re- 
spores to amino acids during the sponse of spores of B. licheniformis A to L- 
es of incubation, a temperature-con- alanine. In many instances with other Bacillus 
ri . * . 
species, D-alanine has been reported to be in- 


C) xroto-cell was attached to the 
¢ 20 Colorimeter, and measurements 
inges in per cent light transmission 
‘at l-min intervals. Observations 
at a change of at least 1% light 
had to occur before there was a 
ss of heat resistance of the spore 
Therefore, significant germination 
ed to have begun when more than 
in light transmission had oc- 
results (Table 2) reveal that ger- 
licheniformis A was initiated 
1 8 min in the presence of L-ala- 
‘and L-valine, respectively. Fol- 


e, D-alaning 


of germin 
y 1 hr of 
ine. 

it isolates 4 


hibitory to spore germination (16). Since p- 
alanine did induce slight germination of B. 
licheniformis A, the effect of p-alanine on the 
germination induced by t-alanine was deter- 
mined. The germination response of B. lich- 
eniformis A to various concentrations of L- 
alanine, p-alanine, and equal mixtures of L- 
and p-alanine is presented in Table 3. 

Very low levels of t-alanine resulted in sig- 
nificant germination of B. licheniformis A with 
0.0005% producing approximately 40% ger- 
mination within 15 min, and 79% after 2hr of 
incubation. When 0.001% -alanine was added, 


TABLE 2 


ination of spores of B. licheniformis A in response to amino acids as measured 
by change in light ¢ransmission * 


Change in per cent transmission in response to 
0.1% 0.1% 0.1% 
Control L-alanine L-cysteine L-valine 

pee 59.5 60 60 
0 59.5 60 60 
», both af 53.5 59.5 60 60 
nstant. Th 54.0 61.0 60 60 
-eysteine 54.0 62.0 60.5 60 
54.0 63.5 61.0 60 

54.0 64.0 61.5 60.5 

54.0 65.0 63.0 61.0 

p 66.0 64.0 61.5 

67.0 64.5 62.5 

st 15-min 68.0 66.0 63.5 

| germinal 70.0 67.0 64.0 

does not P 715. 68.0 65.5 

2 Be 69.0 67.0 

2 4 . 70.0 68.5 

isolates § 717.0 72.0 70.0 


ated cons! 
owing thi 


in the Spectronie 20 Colorimeter using a special 
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TABLE 3 


Germination response of spores of B. licheniformis A to L-alanine, p-alanine, and to equal 
mixtures of L- and D-alanine * 


3 Per cent germination in response to 0.05% 0.1% 
Incubation t-alanine L-alanine 
time 0.0005% 0.001% 0.1% 0.1% +0.05% +0.1% 
(min) tealanine L-alanine L-alanine p-alanine D-alanine p-alanine 
0 0 i) 0 0 0 0 
15 39.8 67.6 91.9 5.2 9.4 via 
30 53.4 83.3 98.1 10.9 14.2 3.8 
45 72.9 83.7 98.1 13.6 12.9 6.9 
60 78.8 87.0 98.3 17.7 16.1 10.5 
120 79.3 87.2 98.8 19.3 24.9 14.7 


* Average of three trials with each concentration. 


germination response was almost doubled dur- 
ing 15 min of incubation (68%), and in the 
presence of 0.1% t-alanine approximately 92% 
of the spores had germinated during the same 
jneubation time. There was a marked differ- 
ence in the germination response to L- and D- 
alanine, with approximately 99% germination 
after 2 hr of incubation with 0.19% t-alanine, 
and only 19% with 0.1% p-alanine. When equal 
mixtures of these amino acids were added, the 
p-alanine inhibited the germination response 
to L-alanine, with approximately 25% germina- 
tion after 2 hr in response to 0.05% mixtures, 
and 15% with the 0.1% mixtures. These data 
indicate that p-alanine is not as readily utilized 
in spore germination as is L-alanine, and when 
p-alanine is present in a mixture with L-alanine, 
the stimulatory effect resulting from L-alanine 
is greatly reduced. 


DISCUSSION 

Results of this study reveal that the germina- 
tion response of spores of B. licheniformis to 
amino acids is quite specific. Of the 24 amino 
acids studied, only u-alanine gave a uniformly 
high germination response with all of the iso- 
lates studied. The other amino acids which 
did cause germination, L-cysteine and t-valine, 
are similar to t-alanine in respect to their 
carbon chains. Further evidence of specificity 
is evident from the fact that p-cysteine, p- 
valine, and p-alanine either did not stimulate 
germination, or produced only a slight effect. 
The ability of p-alanine to inhibit germination 
response by L-alanine further supports the 
specificity of the reaction. 

Results with other Bacillus species have 
shown that L-alanine is the most common amino 
acid capable of initiating germination in the 
species. L-alanine has been shown to promote 
germination of at least six different Bacillus 
species (10, 16, 17). In some instances, it has 
been necessary to have a riboside (inosine or 


adenosine) or glucose in addition to L-alan 
to obtain germination. L-cysteine has been 
ported to promote germination of at least th 
Bacillus species (8, 10), and about the sa 
number have been shown to germinate in 
sponse to u-valine (10, 14). 

The fact that t-alanine promotes germi 
tion for many of the different Bacillus spe 
suggests that it may act through a com 
mechanism. The slower and variable germi 
tion response of spores of several isolates 
B. licheniformis in the presence of L-cyst 
and -valine indicates that (a) germination 
curs by a mechanism different from that 
t-alanine, (b) the different isolates vary 
their ability to transport L-cysteine or L-va 
across the spore coat, or (c) these amino a 
may be converted to L-alanine by an eng 
system active to a variable extent in the diff 
ent isolates. Church and Halvorson (3) 
suggested that spore enzymes may exis 
either active, dormant, or inactive states in 
intact spore, and the poorer germination 
sponse observed with t-eysteine and L- 
may well be an indication of an activation 
for essential enzymes. 

The rapidity with which -alanine inil 
germination in extremely low concentrat 
should be considered in respect to the 
anism by which spore germination occurs. 
of the most common theories are (a) that 
mination results from the triggering 
poised system, which suggests mainly an @ 
matic process (12), and (b) that a els 
form of dipicolinic acid-calcium-spore § 
ture exists in the dormant spore, with brea 
of the chelate resulting in germination | 
If the spore structure involved in the ch 
consisted of spore enzymes, then these 
theories would seem to be similar. Resul 
this study support the proposal that a &% 
ing reaction is involved, since germination 


fated almost immediately after the addition 


Falanine. if . 4 
e findings of this jnvestigation have pos- 


tical application in the elimination 


d to equal 


0.1% pra A : 

-alanine terial spores from milk without neces- 
40.1% ing the high heat treatments currently re- 
-alanine The addition of suitable germination 


alants jn low concentrations could provide 
son of germination within a relatively 
period of time which would predispose 
ores to destruction by moderate heat 
Conceivably, t-alanine could be an 
adjunet in the additive system re- 
‘achieve this effect. 
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HOST-BACTERIOPHAGE RELATIONSHIPS AS INFLUENCED BY 
ANTIBIOTICS 4 


E. M, MIKOLAJCIK 
Department of Dairy Technology, The Ohio State University, Columbus 


SUMMARY 


The effect of sublethal concentrations of selected antibiotics on the bacterio- 
phage-host relationship of Streptococcus lactis C10 and bacteriophage cl0 was 
studied by means of single-step growth curves. 

The addition of penicillin, terramycin, 
resulted in average burst sizes of 84, 16, and 30, respectively, compared to 42 
bacteriophage particles per infected bacterium jn the absence of antibiotics. The 
corresponding latent periods were 20, 24, 23, and 16 min. 

The reproduction of new phage particles may be hastened or retarded by ex- 
posure of susceptible cells to sublethal concentrations of antibiotics. 


Field observations have indicated a possible 
relationship between the exposure of lactic 
acid cultures to antibiotics and the subsequent 
susceptibility of the organisms to bacteriophage 
(phage) attack. Consequently, Richards et al. 
(8) investigated alterations in host-phage rela- 
tionships due to sublethal concentrations of 
antibiotics and found that the rate of lysis of 
Streptococcus lactis C10 by phage cl0 was 
altered by penicillin or terramycin, with the 
former hastening and the latter delaying cell 
destruction. 

Additional studies were conducted to deter- 
mine the underlying causes of such variations 
and this paper presents the results obtained. 


EXPERIMENTAL PROCEDURE 


The effect of penicillin, terramyein, and nisin 
on single-step growth curve characteristics of 
phage cl0 was determined by using the pro- 
cedure and calculations of Delbruck and Luria 
(6). 
The S. lactis C10 organism and the phage 
10 actively lysing this strain were those used 
by Richards et al. (8). In certain of the ex- 
periments, an induced penicillin-resistant vari- 
ant of this strain served as the host. It was 
established that the phage sensitivity pattern 
of the resistant variant was not altered by the 
antibiotic treatment. 

Sobol’s broth (10) was used for earrying 
lactic cultures and as a stock medium for phage. 
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and nisin to the adsorption mixture 


The composition of this broth is: yeast extr 
4.0 gy; K.IEPO, 4.0 g; neopeptone (Ditet 


inoeulation. 
An 16-18 hr cu'ture of the bacterial cells 3 
transferred and then ineubated for 2 hr bef 
use. The 2-hr incubation period was used 
cause (a) lysis was depressed with cells i 
bated over 8 hr, and (b) S. lactis C10 ¢ 
were in the accelerated growth phase app’ 
mately 2 hr after transfer into fresh broth. 
the conclusion of the 2-hr incubation pel 
the viable cell count was determined by Stai 
ard Methods (3). The viable cell counts 
used to caleulate multiplicity of infection. 
Plaque counts were determined hy the do 
agar layer technique (1), using trypticase 
agar (BBL) containing 0.02% L cystine (j 
A 3-4 hr growth of the C10 organisms in b 
was used for the seed layer. 
Where antibioties were used, penicillin, 
ramyein, and nisin were added, just priot 
adsorption, at the rates of 0.05 IU /uil, 
pe/ml, and 10 pg/ml, respectively. These | 
centrations were found to have no signifi 
influence on the growth rate of the host ce 
The adsorption tube mixture consisted 6! 
2-hr culture of the host cells and an aliquo 
phage of known titer. Multiplicity of infe 
was 0.1. The adsorption mixture was incu! 
at 30C for 5 min. An aliquot was then 
drawn and diluted with fresh broth to 
further adsorption. The diluted cell-phag 
ture was ineubated at 30C and plaque @ 


aaa ade on aliquots withdrawn at 2-min in- 
mtil the phage titer showed no further 
maining portion in the adsorption tube 
fuged immediately for 5 min at 5,000 
per cent adsorption was determined 
ference between the initial titer and 
ed phage present in the super- 
tterio- x comparison, single-step growth 
0 was » prepared for host-phage systems 
ned no antibiotic. 

ixture RESULTS 
to. ined for phage adsorption, burst 
ptt riod, and rise period are pre- 
ah ans? sveal rather wide variations be- 
specially for adsorption and burst 
ariations being most extreme in 
-free (control) lots. For example, 
+ yeast extn and the burst size varied 38 to 
otone ( m 10 to 91, respectively, for the 

), 2.0 g; m ol trials. 


in adsorption averages between 
treatments were relatively slight, 
es being the terramycin (70.5%) 
in (59.4%). The averaged vari- 
thin + 7% from the results for 
free series. 

burst sizes varied significantly 
lifferent treatments, with the peni- 
ying the highest value (84) and 
series the lowest (16). The 


actis C10 @ Ree. 3 

phase appa he antibiotic series from the 
fresh beste ld indicate that the presence 
ubation Bal erates the production of new 


hereas terramycin and nisin 


iined by Sta 4 
ie production of new phage 


ell counts ¥ 


£ infection. 

a by the dou was prolonged by the pres- 
+ trypticase with the average latent pe- 
L cystine control, penicillin, terra- 


es being 16, 20, 24, and 23, 
S in latent periods in 
ere within 2 min. 


anisms in 
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The average rise period was the same for 
the control and the penicillin series (14 min), 
but was greater for the terramycin and nisin 
series, ie., 22 and 21 min, respectively. This 
indicates that the rate of release of new phage 
is extended when either of the latter two anti- 
bioties are present in the medium. 

Since these data dealt with susceptible cells 
in the presence or absence of antibiotics, it 
seemed desirable to measure the response of 
resistant cells to penicillin. To ascertain what 
influence this factor will have on new phage 
production, a series of single-step growth 
curves were prepared in which penicillin-re- 
sistant S. lactis C10 host cells were used with 
phage ¢10. Results obtained from three trials 
are presented in Table 2. 

Per cent adsorption and latent period for 
penicillin-resistant cells varied only slightly 
from values obtained when penicillin was added 
to susceptible S. lactis C10 cultures. However, 
the induction of penicillin resistance did in- 
fluence the burst size. Penicillin-resistant cells 
had an average burst size of 38, as contrasted 
to 84 for susceptible cells in the presence of 
penicillin and 42 for the same cells in control 
broth. This would indicate that the ability of 
penicillin to stimulate increased phage produc- 
tion appears to be limited to the action of this 
antibiotic on susceptible cells. The rise period 
with resistant cells was 10 min, compared to 
14 min with susceptible cells, either’ in the 
presence or absence of penicillin. The rapid 
release of newly formed phage particles may 
be related to the cell-wall fragility of the peni- 
cillin-resistant cells observed by Richards et al. 
(8). 


DISCUSSION 


The observed effect of the antibioties on cer- 
tain fundamental relationships between lactic 
streptococci and phage may be due to physical 
or chemical changes, or both, incited when 
antibiotic-susceptible cells come in contact with 
antibiotics. Several investigators (4, 8) have 


TABLE 1 


ve characteristics of Phage ew with S. lactis Cw host cells in the presence 
of antibioties 


consisted of Burst size Latent period * Rise period 
at ie ia Range Avg Range Avg Range Avg 
eity of 1 % 
re was ine (mien) 

10- 91 42 15-17 16 10-18 14 
Re, 34-145 84 19-21 20 10-20 14 
101 0 Pp 5- 44 16 23-25 24 20-24 22 
1 eell-phage 11-50 3023-25 38822 
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TABLE 2 


Single-step 


E. M. MIKOLAJCIK 


growth characteristics of Phage to with penicillin-resistant S. lactis Cio host cells 


Per cent adsorbed Burst size Latent period " Rise period 
Range Avg Range Avg Range Avg Range Avg 
(min) 
49-63 57.6 37-40 38 17-21 19 8-12 10 
“TIneludes 5 min of adsorption. 
reported that exposure of susceptible cells to (2) Apams, M. H., anp WASSERMANN, iE 


penicillin results in enlarged cells and changes 
in cell wall structure and permeability. Heden 
(7) was able to demonstrate that maximum 
burst size coincides with maximum cell volume 
and ribonucleic acid content. Differences in 
burst size between susceptible cells exposed to 
penicillin and those exposed to terramycin may 
be related to the ability of these antibiotics to 
regulate nucleic acid synthesis. Antibiotics have 
been reported to influence nucleic acid syn- 
thesis (4, 9). This would be important, since 
the nucleic acids of the host are precursors of 
newly formed phage particles (1). Exposure 
of susceptible cells to penicillin does not cause 
an immediate cessation of nueleic acid synthe- 
sis, despite the fact that cell division may have 
ceased (4). In the case of terramyein, Shahani 
(9) found that the nucleie acid content of 
terramycin-susceptible S. lactis cells was greater 
than that of resistant cells. 

The observation that antibiotics will influ- 
ence the latent period may he related to find- 
ings by Adams and Wassermann (2), who have 
demonstrated that antimetabolites, as well as 
the nutrition and genetic make-up of phage 
and host cells, will influence the latent period. 

The magnitude of the burst size and, to a 
lesser extent, the latent period appear to be 
the factors accounting for Richards’ et al. (8) 
observed differences in lysis-rate of lactic strep- 
toeocei by phage in the presence of antibiotics. 
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CTIONATION OF THE STALE-FLAVOR COMPONENTS OF 
DRIED WHOLE MILK? 


w. W. NAWAR,’ S. H. LOMBARD; H. E. T. DALL, A. 8. GANGULY,’ 
anp R. McL. WHITNEY 


Department of Food Technology, University of Illinois, Urbana 


SUMMARY 


The stale flavor of dried whole milk has been shown to exist in two forms 
hich can be separated by CCl-vapor distillation and Girard’s-T extraction. 


employed but can be extracted from the 


fat with Girard’s-T reagent; the other is volatile and is not recovered 
m the Girard’s-T extract after hydrolysis of the resulting hydrazones. 

The Girard’s-T extractible component is recovered more completely from 
“fat when lower concentrations of Girard’s-T reagent are used, a behavior 
bilar to aldehydes. It can be separated by paper or column chromatography 
9 a stationary and a mobile component which contains the flavor. The Rr 
lue of the mobile component is similar to that of the reaction product of 
pptaldehyde. It is readily decomposed by alkali or 2,4-dinitrophenylhydrazine 
4 mu HCI. On treatment with 2,4-dinitrophenylhydrazine, at least four car- 
nyl compounds were obtained as decomposition products and tentatively 
mtified by paper chromatography as acetaldehyde, propionaldehyde, acetone, 


‘he CCl,-vapor distillates were found to contain at least seven carbonyl 
nds, five of which have been identified as formaldehyde, acetaldehyde, 
maldehyde, acetone, and 2-penatone. The remaining two compounds 
ess the spectra and chromatographic characteristics of a saturated mono- 
yl compound and either an unsaturated dicarbonyl or hydroxycarbonyl 
und. The stale-flavor component of this fraction appears to behave like 


age (5, 15, 17, 20, 25, 28-30). More recently, 
attempts have been made to isolate and iden- 
tify the causative substances and to secure 
information on the chemical changes involved 
(23, 32-34). Fundamental knowledge of this 
nature would prove very valuable in establish- 
ing processing procedures capable of preserv- 


8. E. Inter either 2-butanone or 2-pentanone. 

ruses, . 

acterial Vii 

it and the M 
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ing the fresh-milk flavor characteristics and 
controlling this flavor defect. 

Whitney and Tracy (33, 34) fractionated 
reconstituted stale dry whole milk into cream, 
skimmilk, butter, buttermilk, butteroil, and 
butter serum and found that the stale-flavor 
component appeared to be distributed in pro- 
portion to the amount of fat present in each 
fraction. They concluded that the flavor is 
concentrated in the fat phase, but emphasized 
that this was not evidence as to the origin of 
the flavor. Steam distillation of the extracted 
butteroil yielded a detectable stale flavor when 
blended with fresh products in concentrations 
as low as 6.2 ppm (32). 

The purpose of this study was to further 
fractionate the components responsible for the 
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flavor in dried whole milk and to secure fur- 
ther information as to their chemical and phys- 
ical character. 


EXPERIMENTAL METHODS 

Manufacture and storage of dried whole milk. 
As needed throughout this study, whole milk 
was condensed and dried to 2.2 to 3.0% mois- 
ture in a pilot-size experimental spray dryer. 
The powders were held at room temperature in 
air in sealed containers until they developed a 
typically stale flavor, then were stored at —14 
F to insure a continuous supply of stale whole 
milk powder. 

Preparation of stale milk fat. Milk fat was 
extracted from the stale dried whole milk im- 
mediately before each experiment by the pro- 
cedure of Whitney and Traey (34). While 
modifieations in this procedure were introduced 
at various times in the study, in order to 
handle larger amounts of powder and speed 
the extraction process, it consisted essentially 
of freeing the fat for extraction by agitating 
the dried whole milk with purified 95% etha- 
nol® containing enough additional water to in- 
crease the moisture content of the powder to 
8%, extracting the fat with purified low-boil- 
ing petroleum ether,’ removing the bulk of the 
alcohol from the extract by agitation with 
water, and finally removing all but traces of 
the solvents from the fat by aspiration at 40 C. 
All modifications of this procedure used were 
found to yield a fat containing the stale flavor. 

Solvent removal and flavor evaluation. At 
each stage in the fractionation procedure, the 
flavor of the fraction in question was evaluated. 
Its CCl, solution was added to a weighed 
amount of fresh milk fat and the solvent re- 
moved by aspiration for 1 hr, followed by the 
application of high vacuum (0.001 mm Hg) 
for 3.5 hr with the aid of a high-vacuum pump. 
This milk fat was then homogenized into fresh 
skimmilk to the composition of whole milk 
(4% fat). Whenever a qualitative examina- 
tion of the flavor was desired, the samples were 
submitted to the judging panel in the form of 
the triangle test described by Lockhart (21); 
with the fresh milk fat homogenized into skim- 
milk as a control. Where a quantitative meas- 


® The ethanol was purified by refluxing ethanol 
with 10 g of 2,4-dinitrophenylhydrazine per liter 
for 4 hr, then distilling twice. Such a procedure 
removes the bulk of the carbonyl impurities. 

TPetroleum ether (B.P. 40C) was washed four 
times with distilled water, refluxed with 5 g of 
2,4-dinitrophenylhydrazine and 1 g of trichloro- 
acetic acid per liter for 4 hr, then distilled to 
secure a solyent free of most of the carbonyl 
compounds. 
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urement of the flavor was required, the threg 
old concentration of the stale sample was estal 
lished by using the technique described }j 
Whitney and Tracy (33). 

Infrared analysis of fractions. The infray 
adsorption spectra of the various fractio 
were obtained in CCl, solution dried over a 
hydrous Na,SO, with a Perkin-Elmer Model 
Infrared Recording Spectrophotometer wil 
NaCl cells, 0.5 or 1.0 mm thick. 

CCl -vapor distillation. The volatile ¢o 
ponents of the milk fat were removed by t 
CCl.-vapor distillation method of Chang a 
Kummerow (4). The apparatus, similar 
that designed by Bailey and Feuge (1), 
sisted of a boiler, a retort, and two cold finge 
refrigerated by means of liquid nitrogen. C 
in the boiler and stale milk fat in the reta 
were both frozen before distillation, and { 
system was evacuated with the aid of a hig 
vacuum pump (0.001 mm Hg). The tem 
ture of the milk fat was then raised to 40 
and that of the CCl to room temperatu 
Under high vacuum, the CCl, vapor pas 
through a sintered-glass sparger subme 
in the milk fat and, along with the vo 
materials present, condensed on the two 
fingers, while any uncondensable gases pass 
by a MeLeod gauge and were finally remo 
by the mereury-diffusion pump. Two ho 
after the fat had completely melted, the pul 
was shut off, the system opened, the ligi 
nitrogen replaced with warm water (401 
and the condensates collected by washing 
fingers with fresh CCL. 

Recovery of the volatiles from the CCl,-vq 
distillate by preparatory gas chromatogr 
Twelve grams of trilaurin (Eastman) and 48 
of 40-60 mesh firebrick were added to 
CCl-vapor distillate in a rotary evaporal 
and the solvent removed by aspiration at 50 
The dry material was then packed in the pr 
aratory gas-chromatographie column of G 
guly (11). The column was heated to 10 
helium gas was passed through it at the ral 
60 ml/min for 5 hr, and the volatiles were 
lected in a trap cooled in liquid nitrogen. 

Girard’s-T extraction. The Girard’s- 
tractible components of milk fat were obtal 
by shaking it with methanol or ethanol 
tions of Girard’s-T reagent (trimethylace 
drazide ammonium chloride) (12, 13), usi 
2 mg of reagent per gram of fat for ail 
at 40 C. The reaction products were sepal 
from the fat by washing with an equal vol 
of water, and traces of fat removed from 
extract by agitation with an equal volum 
purified petroleum ether, followed by cem 


to break any emulsion formed. The 
extract was then acidified with 5 m HCl 
hal concentration of 0.5 m, and the re- 
mixture shaken at room temperature 
r to hydrolyze the Girard’s-T hydrazones. 
berated compounds were then extracted 
a with agitation followed by eentrifuga- 


ad, the threg 
ple was estal 
described 


The infrar 
ious fractio 
iried over a 
Imer Model § 
otometer wi pmatography of the Girard’s-T hydra- 
For the characterization of the com- 


volatile ¢0 of the Girard’s-T extract the paper 
smoved by eraphic procedure of Zaffaroni et al. 
of Chang a ‘adopted. The water extract of the 
as, similar was concentrated ten to one in a 
vuge (1), porator at 40 C and 0.2 to 0.4 ml of 


wo cold fings to the Whatman No. 1 filter paper 
nitrogen. Cf er development of the chromatogram, 
+ in the ret onents were located by treating the 
ition, and h iodoplatinate solution prepared by 


‘ml of a 5% solution of PtCl, (C.P.) 
Cl and 65 ml of a 10% solution of KT 
100 ml of distilled water. 

omatographie fractionation of the 
extract was accomplished by column 
phy. The column employed con- 
pyrex-glass tube 25.4 em high and 
liameter packed (to a depth of 4 
andard grade Whatman cellulose 
Mirated with water equilibrated 
nol. The sample applied to the 
prepared by adding 2.5 g of cellu- 
o the water extract containing 
‘hydrazones and removing the 
ts evaporator at 40C. After 
ess water in the column with 
d previously been equilibrated 
e dried sample was placed on 
and kept in place by a card- 
; The mobile phase was then 
the column at a rate of 10 ml 
} ml were collected (the volume 
lated to be sufficient to re- 
mponent from the column). 
aken with equal volumes of 
| petroleum ether, and the 
recovered by hydrolysis 
Cl, in the usual manner. 


e gases pas 


man) and 
added to 
ry evapora 
iration at 
ed in the p 
slumn of G 


nitrogen. 


Girard's- Womatography of the 2,4- 
t were obta To prepare the 2,4- 
ir. ethanol f the carbonyl com- 
rimethylae ‘arious fractions ob- 
2, 13), mn with an appro- 
fat for 1 solution of 2,4- 


HCl for 18 hr 
azones were ex- 
of CCl, and the 
volume of 1 ml. 
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Paper chromatograms of the 2,4-dinitrophe- 
nylhydrazones were prepared either by the 
method of Clements and Deatherage (6) or 
Huelin (16). 

Identification and characterization of 2,4- 
dinitrophenylhydrazones. Tentative identifica- 
tions of the 2,4-dinitrophenylhydrazones were 
secured by comparison of their Rr values with 
those of known carbonyl compounds reported 
in the literature. More definite identification 
was obtained by the comparison of their Rr 
values with those of known carbonyl derivatives 
upon the same chromatogram, and by compari- 
son of their absorption spectra in ethanol and 
alkaline ethanol with those of the known com- 
pounds. The hydrazones were eluted sepa- 
rately from the chromatogram with a minimwn 
amount of purified 95% ethanol and their 
spectra determined over the wave length range 
of 325-625 mp on a Cary Model 11 Recording 
Spectrophotometer. The solutions were then 
made alkaline by mixing them in the ratio of 
two to one with alcoholic NaOH prepared by 
the method of Jones et al. (18), and the spectra 
obtained immediately to avoid fading. 


RESULTS AND DISCUSSION 


While it is generally accepted that flavor of 
a dairy product is the integrated combination 
of flavor sensations due to all of the flavor 
components in the product, there is some dis- 
agreement as to the proper approach to the 
problem of an off-flavor in the products. One 
view is based upon the concept that the off- 
flavor is also the result of the combination of 
flavor sensations. In contrast, those investi- 
gators who hold the other view believe that 
the particular off-flavor sensation can be singled 
out from the other sensations present and that 
this sensation is due to a certain steric con- 
figuration which, while it may be present in a 
number of different compounds, must be present 
before the flavor is detected. This view is ad- 
mirably presented by Monerieff (22), and is 
supported by evidence in the literature, in 
that all chemically identified flavors have heen 
attributed to specific compounds or configura- 
tions such as the coconut flavor of $-decalactone 
(19), the 2-enals of C, and Cy responsible for 
the oxidized flavor (8), the sunlight flavor of 
methional (24), and the metallic flavor of vinyl 
amyl ketone (27). The approach employed in 
this study is based upon the second opinion 
and, therefore, the emphasis is placed upon 
the fractionation and isolation of only those 
components which, when reconstituted to whole 
milk composition, yield a detectable stale flavor. 


674 


Such an approach to the identification of the 
components responsible for an off-flavor is 
complicated by several factors. Off-flavors may 
often be produced by traces of materials which 
escape detection by the analytical techniques 
employed. Fractions containing the flavor usu- 
ally consist of a mixture of compounds, the 
majority of which are not responsible for the 
off-flavor. In some eases, the flavor components 
are unstable and undergo changes during the 
fractionation procedure. Throughout this study, 
experiments were conducted in the shortest 
time possible and care taken to avoid exposure 
to light, heat, and air, wherever possible, The 
organoleptic evaluation of the flavor as a tool 
for following the flavor components has its 
uncertainties. The term stale flavor is appar- 
ently not uniformly defined. However, in this 
study a product was reported as stale only if 
it possessed a characteristic organoleptic sen- 
sation agreed upon by the judging panel to be 
the major flavor sensation of stale dried whole 
milk. Variations in the threshold responses of 
the judges also required that the various frac- 
tionation procedures be repeated numerous 
times, to confirm the behavior of the stale- 
flavor components. Therefore, the methodology 
reported in this paper is limited to the suc- 
cessful fractionation and characterization pro- 
cedures, and the results of the numerous frac- 
tionation experiments are summarized in the 
schematic diagram, Table 1. 

Fractionation of the stale-flavor components 
by CCl-vapor distillation and Girard’s-T ex- 
traction. Throughout this study it was ob- 
served that, while at certain times in the stor- 
age life of a dried whole milk, readily de- 
teetable quantities of the stale-flavor compo- 
nents could be obtained from the stale milk 
fat by the Girard’s-T-extraetion method, at 
other times, with the same procedure, it was 
impossible to do so. At such times, a shift to 
the CCl-vapor distillation technique resulted 
in appreciable quantities of the flavor compo- 
nents. Occasionally, apparently in the transi- 
tion periods, the flavor could be detected in 
both fractions. Such a situation is represented 
in the schematic diagram, Table 1. From this, 
it can be seen that at these times, when the 
CCL-vapor distillation is performed first, there 
remains in the fat some stale-flavor component 
which is extractible by Girard’s-T reagent. 
However, when the Girard’s-T extraction is 
performed first, only oceasionally can a stale- 
flavor component be removed from the fat by 
CCl.-vapor distillation. Since it is well known 
that the fractionation procedures when applied 
to trace materials are rarely complete, it was 
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first thought that these results were due | 
incomplete removal of the stale-flavor com 
ponents by the method employed. Howeve 
the repeated observation that the stale-flay 
component could be secured from stale milk 

by one method or the other, but rarely by bo 
at a given time in the storage life of the po 
der, necessitated a reinterpretation of the daf 
and further experimentation. 

It was found that when the Girard’s-T ¢ 
traet of stale milk fat in CCl, was subjec 
to CCl,-vapor distillation, in the same many 
as the stale milk fat except that the distillati 
was continued until all the CCl, was remoyi 
from the retort, that the CCl-vapor distill 
did not contain the stale-fiavor, while the re 
due in the retort was considered to be stale |] 
the judging panel. Therefore, the Girard’s! 
extractible stale-flavor component was not vo 
tile under the condition used for separating # 
volatile component from stale milk fat. 

Similarly, it was found that, when the Ce 
vapor distillate, which was shown to cont 
a stale-flavor component, was added to fre 
fat, the CCl, removed in the same manner 
for flavor evaluation, and the residual fat s 
jected to Girard’s-T extraction in the ust 
manner, the Girard’s-T extract was not ¢ 
sidered stale by the judging panel. Therefo 
stale-flavor component of the CCl-vapor d 
tillate was not recovered from fresh fat 
the Girard’s-T extraction procedure. 

It appears that there are at least two diff 
ent compounds capable of causing the sta 
flavor sensation and that the quantity of # 
components present in the dried whole 
varies with the time and conditions of stor 
of the dried whole milk. 

While these studies were not designed 
investigate the effect of storage upon the | 
forms of the stale flavor, the available evide 
suggests that this flavor oceurs first as 
Girard’s-T extractible component. 

Characterization of the Girard’s-T-extract 
stale-flavor component. The infrared abso 
tion spectra of the Girard’s-T-extractible i 
tion obtained from stale milk fat indicated 
presence of two different carbonyl gro ! 
one in the ester-lactone region (1,745 ¢ 
and the other in the ketone-aldehyde reg 
(1,712 em“) (3). Attempts to further f 
tionate the material by alkaline extracel 
however, resulted in the destruction or lo 
the stale flavor and the disappearance oF 
1,712 em™ absorption maximum from bo! h 
alkaline extract and the residual Giraré 
extract. The absorption maximum at 1,749 
was not observed in the alkaline extrac 
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remained in the residual. Another approach to 
the further fractionation of the Girard’s-T 
extract by the use of sodium bisulfite also re- 
sulted in the loss of the stale flavor and the 
disappearance of the 1,712 em™ absorption 
maximum. Since alkaline conditions were nec- 
essary for the hydrolysis of the bisulfite-addi- 
tion produets, these results would suggest that 
the stale-flavor component in the Girard’s-T 
extract is an aldehyde or methyl ketone and is 
destroyed in the alkaline pH range. 

The work of Ganguly (10) on the extraction 
of various known carbonyl compounds from 
milk fat indicated that their recovery was 
greatly influenced by the concentration of Gi- 
rard’s-T reagent and was dependent upon the 
type of carbonyl compound. A study of the 
effect of concentration of Girard’s-T reagent 
upon the recovery of this stale-flavor com- 
ponent from stale milk fat indicated that, at a 
concentration of 2 mg of reagent per gram of 
fat, the CCl, extract of the hydrolysis products 
of the reaction contained a considerable amount 
of the stale flavor, while at higher concentra- 
tions, 200 mg and 400 mg of reagent per gram 
of fat, no detectable amounts of stale flavor 
were observed. Infrared absorption spectra of 
the extracts showed a progressive decrease in 
the absorption at 1,745 em™ and 1,635 em™ as 
the concentration of reagent was increased and 
the absorption at 1,712 em™ became more ap- 
parent. This observation of a greater recovery 
of the stale-flavor component at lower concen- 
trations of Girard’s-T reagent suggests that 
it is an aldehyde, since Ganguly (10) ob- 
served a similar behavior in the case of alde- 
hydes, whereas monoketones are more com- 
pletely recovered at higher concentrations of 
the reagent. 

To tentatively establish the number of com- 
ponents present in the Girard’s-T extract, and 
to determine whether chromatography could 
serve as a means for the further fractionation 
of this extract, paper chromatograms of the 
Girard’s-T hydrazones present were obtained 
by the method of Zaffaroni et al. (35). These 
chromatograms indicate the presence of two 
components, one stationary and the other mo- 
bile, with an Re value of 0.72-0.80, The mobile 
component developed a pinkish-brown color 
when stained with iodoplatinate solution, These 
properties are similar to those of the Girard’s-T 
hydrazone of heptaldehyde (10). Flavor evalu- 
ation of authentic heptaldehyde (Eastman), 
however, indicated that it was not responsible 
for the stale flavor. 

To determine which component of the Gi- 
yard’s-T extract was responsible for the stale 
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flavor, these components were separated | 
paper, modifying the procedure so as to 9 
tain adequate amounts of the two componey 
for flavor evaluation. While sometimes bi 
the stationary and the mobile components wi 
considered to be stale by the judging pan 
the mobile fraction was judged stale more ff 
quently than the stationary. The presence 
the stale flavor in the stationary compong 
when it was detected, may have been due 
the entrapment of the mobile component 
the stationary spots due to the presence of 
precipitate in the concentrated water extri 
or to a stale-flavor component less readily 
covered upon hydrolysis of the hydrazones 
Since paper chromatography is not a @& 
venient way to separate large quantities of 
mobile component of the Girard’s-T hydraze 
from the rest of the material, the column 
matographic technique was developed for | 
purpose and proved to be satisfactory. 
The mobile component isolated in this 
ner was further characterized by paper 
matography of its 2,4-dinitrophenylhydrazo 
by the method of Clements and Deatherage 
(Table 2). Since three of the components 
served were also present in the chromatog 
of the CCl, used for extraction, they may 
all have originated from the mobile compont 
A comparison of the R; values and color 
these spots with data obtained by Clements 
Deatherage (6) and Tuckey and Colmey {( 
for known carbonyl compounds indicated 
Spots 2, 5, 6, and 7 could have been due to 
presence on the reaction mixture of aceta 
hyde, propionaldehyde, acetone, and 2-b 
none or 2-pentanone, respectively. The p 
ence of all of these compounds in stale d 
whole milk has been subsequently eonelusi 
confirmed by Parks et al. (23). However, 1 


TABLE 2 


Paper chromatography of the 2,4-dinitroph 
hydrazones of the Girard ’s-T-extractible 
mobile stale-favor component 


Rr values 
CCl! Stale-flavor component (10% 
100A 50X TBA 100A 

0.39 0.39 0.39 0.40 
. 0.42 0.44 0.44 
0.46 0.46 0.47 0.48 
0.52 0,52 0.52 0.53 
0.57 0.57 
0.61 0.61 0.61 
0.67 


*CCh used to extract 2,4-dinitrophenyll 
zones from reaction mixture. 


separated 
so as to 
vo compone 
ometimes b 
mponents y 
judging pal 
stale more f 
1e presence: 


am could be shown to be responsible for 
+8 Two possible explanations 
. the presence of more than one 2,4- 
sophenylhydrazone in the reaction mixture 
sd from a single mobile Girard’s-T hy- 
«, Hither the single mobile spot was not 
| and contains more than one hydra- 
‘lor the reaction with 2,4-dinitrophenyl- 
‘ne caused 2 breakdown of the mobile 
ent. The tentative identification of the 
zones indicated makes it 


have similar R, values to Girard’s-T 
(26). Therefore, it is apparent 
obile component was broken down 
patment with 2,4-dinitrophenylhydra- 
« HCl. This was further substan- 
he absence of any stale odor when 
J compounds were released from the 
enylhydrazones by H.SO. accord- 
ethod of Bassette and Day (2). 
lation of the CCl,-vapor distillate 
fat. Infrared absorption spectra 
apor distillate of stale milk fat 
presence of carbonyl groups with 
ima at 1,745 em” and 1,712 
ated in the schematic diagram, 
Girard’s-T reagent of the fresh 
Mining the components of the 
illate resulted in the absence of 
n both the carbonyl compounds 
Wdrolysis of the Girard’s-T ex- 
dual milk fat, Therefore, the 
yonent in the CCl.-vapor dis- 
to be a carbonyl compound 
rom the milk fat by Girard’s- 
yecovered upon hydrolysis 
drazones. The work of 


ed from the milk fat al- 
irard’s-T extraction, are 
ed from the hydroly- 
hydrolysis. 

ize this stale-flavor com- 
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le fo secure this volatile 
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stale flavor was present in this form. The re- 
covery of the stale flavor from the CCl-vapor 
distillate free of CCl, was finally accomplished 
by the preparatory gas-chromatographie pro- 
cedure described in the section on methods. 
The stale flavor was shown to be in the eluate 
of the gas-chromatographie column and to be 
yecovered in the liquid-nitrogen trap. 

When the material in the trap was treated 
with 2,4-dinitrophenylhydrazine and extracted 
with CCl, in the usual manner, and the volatile 
constituents removed from the extract by CCl- 
vapor distillation, the stale flavor was absent 
from the distillate. Paper chromatography of 
the hydrazones by Huelin’s method (16) indi- 
cated the presence of seven compounds (Table 
3). Five of these compounds could be identi- 
fied by the comparison of their R, values and 
absorption spectra with that of known com- 
pounds and were found to be formaldehyde, 
acetaldehyde, propionaldehyde, acetone, and 
2-pentanone. None of these compounds proved 
to be responsible for the stale flavor. Although 
the R, value of Spot no. 6 in the chromato- 
gram suggests the presence of butyraldehyde, 
comparison of its absorption spectra with that 
of the 2,4-dinitrophenylhydrazone of butyral- 
dehyde did not indicate sufficient agreement 
for identification. While the slowest-moving 
component in the chromatogram possessed an 
R, value similar to the derivatives of diacetyl, 
acetoin, hydroxyacetone, and glyoxal, its ab- 
sorption spectra differed markedly from those 
of the authentic compounds, but retained the 
characteristics of a hydroxyearbonyl or di- 
carbonyl compound, The apparent shift (to 
higher wave lengths) both in aleoholie and 
alkaline media suggests the possibility of un- 
saturation in the molecule, since this effect 
has been noted in monocarbonyl compounds 
(7-9, 14, 18). If this compound is responsible 
for the stale flavor of the CCl,-vapor distillate, 
this would explain the disappearance of the 
stale flavor from the milk fat containing the 
components of the CCl-vapor distillate upon 
treatment with Girard’s-T extract and its ab- 
sence from the hydrolyzed Girard’s-T extract, 
since this is a characteristic of dicarbonyl com- 
pounds (10). It would also explain the usual 
absence of the stale flavor from the CCl,-vapor 
distillate of the residual fat from a Girard’s-T 
extract of stale milk fat. 


CONCLUSIONS 
This study, therefore, indicates that the stale- 
flavor sensation observed in dried whole milk 
may be present in either or both of two chem- 
ical forms, One form can be recovered from 
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TABLE 3 


Comparison of the chromatographic and spectral characteristics of the 2,4-dinitrophenyl- 
hydrazones from the CCl-vapor distillate from stale milk fat with those of known earbonyl 


eompounds 
CCl-vapor distillate Authentic compounds 
Amax (mp) Amax (mz) 

Alkaline Alkaline 

SpotNo. Rr Ethanol ethanol Compound Rr Ethanol ethanol 
a 0.04 361 367,539" Diacetyl 0.07 350 500 
Acetoin 0.07 350 500 

Hydroxyacetone 0.03 354 450,512 

Glyoxal 0.03 346 400,494 

2 0.18 337 439,520 Formaldehyde 0.20 340 440,520 
3 0.30 358 435,525 Acetaldehyde 0.29 358 £32,525 
4 0.37 356 435,525 Propionaldehyde 0.39 357 433,525 
5 0.43 360 434,525 Acetone 0.38 361 432,525 
6 0.52 360 440,525 Butyraldehyde 0.49 347 430,517 
7 0.64 360 435,525 2-Pentanone 0.60 361 434,525 


* Underlined \ max represents major peak. 


stale milk fat by Girard’s-T extraction, but is 
not removed by CCl-vapor distillation. It ap- 
pears to be an aldehyde the Girard’s-T hydra- 
zone of which has an R, value similar to that 
of heptaldehyde and to be readily decomposed 
by treatment with alkali or 2,4-dinitrophenyl- 
hydrazine in 4 m HCl. The other form can 
be volatilized from stale milk fat by CCl-vapor 
distillation and reacts with Girard’s-T reagent, 
but is not readily recovered from the reaction 
product by hydrolysis. It reacts with 2,4- 
dinitrophenylhydrazine and may be unsatu- 
rated dicarbonyl or hydroxyearbonyl compound. 
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VARIATIONS IN PER CENT OF PROTEIN, MILK FAT, AND 
SOLIDS-NOT-FAT BETWEEN MILKINGS AND DURING 
THE MILKING PROCESS * 


H. C. GILMORE® anv S. N. GAUNT 


A total of 1,290 individual evening 


0.73% 
were 4.21 lb higher. 


milking intervals of 12-12 and 10-14 hr 


process in the evening and morning. 
tended to drop as the milking process 
inereased markedly. 
significant. 

Aliquot samples 


test. 


Wide variations in the fat content of milk 
from individual cows have been recognized for 
many years. Anderson (1), as early as 1914, 
reported that milk fat varied at least 2.0 per- 
centage points for 27.6% of 1,000 Holstein 
and Jersey cows during seven-day tests for 
Advanced Registry programs where individual 
milkings were tested. Espe and Smith (4) re- 
ported wide variations in milk composition, 
but some of these conclusions were based on 
limited data. Schmidt and Trimberger (12) 
found milk fat percentage to be higher in lac- 
tations for cows milked at wide intervals, 
10-14 or 8-16 hr between milkings compared 
to equal intervals. 

Anderson (1), Fosgate (5), Nicholson et: al. 
(11), and Thompson et al. (14) reported that 
milk produced by dairy cows at the evening 
milking was significantly higher in milk fat 
content than the morning milk. In contrast 
to these reports, Specht et al. (13) found no 
significant difference in milk fat tests for 
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of three breeds was tested for protein, 
sample means were lower than evening samples for all components, milk fat 
lower, solids-not-fat 0.11%, and protein 0.03%; 
These differences and those between herds, 
day and breed were all statistically highly significant. The differences between 


significantly different for solids-not-fat. 
Ten cows of each of four breeds were sampled at four stages of the milking 


The differences for solids-not-fat and fat were highly 


of evening and morning milk are not needed for protein 
testing, but they would be needed for solids-not-fat testing based on the milk fat 


—_— 


University of Massachusetts, Amherst 


and morning milk samples in 11 herds 
golids-not-fat, and milk fat. Morning 


whereas, milk weights 
herds by time of 


were highly significant for milk fat and 


Protein and solids-not-fat percentages 
progressed, but the milk fat percentage 


evening and morning milk; whereas, Lolk 
and Have (10) found a lower percentage 
milk fat in the evening milk. 

Specht et al. (13), Nicholson et al. ( 
and Thompson et al. (14) reported no 
nificant differences between the evening 
morning solids-not-fat content of milk. Kili 
et al. (9) found slightly higher protein 
centage in the individual cow’s milk in 
evening samples. Specht et al. (13), repo 
no significant difference in protein conten! 
evening and morning milk. 

Increases in milk fat percentages during 
milking process have been reported by 
(4), Fosgate (5), Gardner et al. (6), 
Borsuk and Saks (2). Johansson et al. | 
in a study of milk from 1,836 individual 
ters, reported the average difference bet 
first- and last-drawn milk to be 8% fat. 

Fosgate (5) found a significant chan: 
solids-not-fat percentage of milk in J 
but not Holstein cows as milking progré 
Czako (3) reported no change in solids-n! 
or protein percentage during the milking 
ess. Gardner et al. (6) found higher solids 
fat percentages in the middle portion of 
than in the fore milk or strippings whi 
pressed on a fat-free basis. 

In view of the limited work and the val 
results reported on milk composition bi 
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2 ng and morning milkings and during the 
process, @ study was initiated to de- 
(1) the differences in milk composition 
ben evening and morning milk and to see 
» differences were affected by different 
intervals and (2) what differences oceur 
aherst- k as milking progresses. 
PXPERIMENTAL PROCEDURE 
punce samples of milk were collected 
herds le jars containing the Golding plastic 
rning The samples were cooled immediately 
k fat under refrigeration until delivercd 
rights ratory. No preservatives were added 
me of ples. Samples taken in the evening 
Ewen. @ were tested the day the morning 
& and rere collected. 
aie es were tested for milk fat by the 
illting ast, for solids-not-fat by the Golding 
itages ad method, and for protein by the 
ntage | dye binding procedure. 
righly snine differences in milk composition 
: s and interval of milking, milk sam- 
rotein proximately 100 cows of each of 
Ik fat (Guernsey, Holstein, and Jersey) 
d from two groups of cows. One 
ilked at wide intervals, 10-14 hr, 
fings and the other at approxi- 
ereas, Lolk intervals. Eleven herds, some of 
percentag ore than one breed, were repre- 


les were taken during the winter 
the summer from the same herds. 
nilk at each time were sampled. 

ilk from the herds of the coop- 
men were taken by the Dairy 


‘r protein ement Association supervisors 
’s milk in erating in the Genetic Composi- 
(13), repa et at the University of Massa- 
tein conten 
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To determine the effect of the stage of the 
milking process on the percentage of milk fat, 
protein, and solids-not-fat, samples of evening 
and morning milk were taken at four stages of 
the milking process. The first, second, and 
third minutes of milking and any milk pro- 
duced after 3 min were used for the four por- 
tions of milk to be sampled. 

A method for collection of the samples was 
devised that did not interrupt the milking 
process. Flat lids with two nipples of a size 
that would fit milk hoses were fitted to two 
10-qt milk cans. They were assembled in a 
wooden rack and three-way valves were con- 
nected to each can. The milk hose from the 
claw assembly was connected to one three-way 
valve and the milkline hose was connected to 
the other valve. In this way, the milk could 
be collected in one can and then the other with- 
out interrupting the milking process. 

Samples of milk were collected during the 
evening and morning milkings from ten cows 
of each of the four breeds (Ayrshire, Guernsey, 
Holstein, and Jersey) maintained by the Uni- 
versity of Massachusetts. Some preference was 
given to selecting the higher-produeing cows, 
since any differences which might be present 
would be more important in the higher-produe- 
ing cows. However, because of the relatively 
small numbers of cows in the University herd, 
selection was limited. Samples were collected 
on three different days during a 2-wk period at 
the end of April and the first of May. During 
this period the University herd was on barn 
feeding. 

RESULTS 

The differences in milk composition between 
evening and morning samples for 645 cows in 
11 herds are given in Table 1. These data show 


ages duri TABLE 1 
orted by ‘absolute differences between morning and evening percentages of milk fat, 
al. protein, and milk weights for 645 cows* in 11 herds 

aa ks “ Protein Solids-not-fat Milk fat Milk weights 

ndividual = 

‘erence bet (7) e (%) ° » (%) ° b (1) 

2 8% fat. a 11.26 — 73 (97 +421 4.32 

cant. cham on 07 25 — 31 88 +106 2:26 

nilk in -12 —14 29 —1.12 89 +714 3.68 
4 AL A 20 061 68 +5.83 4.62 

ing prog) 12 —14 26 — 74 1.08 +3.60 3.94 

in solids- mat 02. 25 — 84 1.09 +3.19 3.89 

e milking Ae =17 125 — 66 83 +439 © 4.37 

igher solid 10 =.06 __.96 — 771.09 +403 4.27 


pings whe 


and the 
rosition B 


Inded twice, since all cows in milk were sampled in winter and 
individual milkings were sampled. 
from morning (plus figures are higher for morning and minus 


e differences between night and morning tests. 
ing and evening milkings—l4 hr night and morning. 
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a tendency for milk weights to be higher and 
the percentage of milk constituents to be lower 
at the morning milkings. Milk fat percentages 
show much greater differences between evening 
and morning milk than either solids-not-fat or 
protein and more variation among individual 
cows as indicated by larger standard deviations. 

Protein comparisons for the effects studied 
showed very little variation. In fact, there was 
no difference between milking intervals and 


TABLE 2 
Analysis of variance of evening and morning milk samples from 313 cows 


H, 6. GILMORE AND 8. N, GAUNT 


only 0.03 pereentage point difference betw 
winter and summer months. Solids-not- 
varied less in June than in January, but ag; 
the differences were small. 

Statistical analyses were made of the 1 
composition data of the 313 cows tested 
the winter months by analysis of variance 
Dunean’s Multiple Range Test. The anal 
of variance was made by the method of fit 
constants in a least-squares analysis as 


Mean squares 


Solids- Milk Milk 
Source df Protein not-fat fat weights 
(%e) (%) (%o) (1b) 
Breed (B) 2 10.8135* 30.9136** 138.20** 2,561.07* 
Interval (1) 1 1.1589 3.5187* 11.79 256.42 
BI 2 1102 -1825 1.48 231.50 
Herds H:BI 8 1,5522** 6434" 2.58** 404.83** 
Cows C:HBI 299 2567 2714 88 64.90 
Time of day (T) 1 4822** 4.5364** 71.06** 2,867.17** 
BT 2 1005 8208 19 131.29 
Lr 1 0182 2.5709* 29.05** 1,565.83** 
BIT 2 0827 1598 91 12.00 
TH:BI 8 .0397** .2862** 2.17** 34.82** 
TC:HBI 299 0115 0243. 20 2.74 
* Significant at the 5% level. 
+** Significant at the 1% level. 
TABLE 3 
Means for evening and morning milkings from 313 cows 
Protein Breed Holstein Guernsey Jersey 
(%) Means 3.33 id 3.60 3.79 
Time of day Evening Morning 
Means __ 3.60 3.55 
Milking intervals 12-12 10-14 
Means 3.53 3.62 
Solids-not-fat Breed Holstein Guernsey - Jersey 
(%) Means __ 8.63 __ 9.22 9.35 
Time of day Evening Morning 
Means 9.15 _ 8.98 
Milking intervals 12-12 10-14 
Means 9.00 9.18 
Milk fat Breed Holstein Guernsey Jersey 
(%) Means 4.01 _ 5.35 5.48 
Time of day Evening Morning 
Means 5.28 _ 4.60 
Milking intervals 12-12 10-14 
Means 4,82 5.06 
Milk weights Breed Holstein Guernsey Jersey 
(1b) Means 19.93 14.07 13.91 
Time of day Evening Morning 
Means 13.79 18,18 
Milking intervals 12-12 10-14 
Means 16.57 15.43 


* Statistical significance at the 5% 


Any two means not underscored by the same line are 
‘Any two means underscored by the same line are not significantly 


level tested by Duncan’s Multiple Range Test. 


significantly different. 
different. 


rence betwe 
Solids-not4 
ary, but aga 


d by Harvey (7). Due to unequal num- 
he tests are approximate, Results of 
atistical analyses are given in Tables 
and are discussed in the following 
4 Herds, time of day, and herds by 
f day were highly significant sources of 
for protein with breeds significant. 
protein eontent of the milk were sig- 
different between Holsteins and Jer- 
Guernseys were not significantly dif- 
m either of the two other breeds at 
Means of evening and morning 
significantly different, but the 
e milking intervals were not sig- 
ferent for protein. 

, time of day, and herds by time 

highly significant sources of varia- 
ids-not-fat, while milking intervals 
fere significant. Solids-not-fat means 
jeantly different between Holsteins 
other breeds but not between 
nd Jerseys. Means of evening and 
les were significantly different, 
milking intervals were not sig- 
xent for solids-not-fat. 


e of the m 
ows tested 
? variance @ 


Milk 
weights 
(tb) 
2,561.07* 

256.42 

231,50 

404.83** 

64.90 
2,867.17** 

131.29 

1,565.83** 
12.00 
34,82** 

2.74 
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Fat. Breeds, herds, time of day, interval by 
time of day, and herds by time of day were 
all highly significant sources of variation for 
milk fat. Milk fat means were significantly 
different between Holsteins and the two other 
breeds, but not between Guernseys and Jerseys. 
Means of evening and morning samples were 
significantly different, but means of milking 
intervals were not significantly different for 
milk fat. 

Milk weights. Herds, time of day, interval 
by time of day, and herds by time of day were 
highly significant sources of milk weight varia- 
tion, whereas the differences between breeds 
were significant. Milk weight means were sig- 
nificantly different between Holsteins and the 
two other breeds, but not between Guernseys 
and Jerseys. Means of evening and morning 
milk weights were significantly different, as 
were the means of milking intervals. 

Variation during milking process. Table 4 
gives the means for the various groups on the 
four stages of milking and Tables 5 and 6 the 
statistical analysis of the data. A covariance 
analysis was necessary on the protein data to 


TABLE 4 
ans for stage of milking and time of day by breeds for milk components 
(whols milk basis) 
Protein Solids-not-fat. Fat Milk weights 
“Jersey (%) (%) (%) (tb) 
3.79 PM AM PM AM PM AM PM = AM 
—_—S Ayrshires 
3.50 3.45 8.86 8.76 3.4 24 24 3.8 
3,49 3.40 8.98 8.85 4.0 3.4 3.4 4.0 
10-14 3.44 3.36 8.90 8.78 47 4.2 3.8 3.5 
_ 3.62 E 3.32 8.70 8.59 5.8 5.2 6.7 78 
Guernseys 
Jersey 3.58 9.20 9.06 2.9 2.3 2.6 41 
ae 3.55 9.30 9.17 4.3 3.8 3.9 44 
3.49 9.25 9.07 5.8 5.1 3.3 3.7 
3.41 9.16 9.00 71 6.6 5.2 5.3 
10-14 Holsteins 
9.18 iad 8.68 8.51 2.3 1.6 51 46 
06 8.87 8.68 3.1 2.2 6.7 6.0 
ie 3.02 8.81 8.58 4.3 3.3 7.2 68 
_— Sa 2.98 8.70 8.52 5.4 47 10.4 15.0 
Jerseys 
3.69 9.49 9.24 24 2.3 43 3.7 
10-14 3.62 9.45 9.29 4.3 3.8 49 47 
5.06 3.53 9.28 9.18 6.3 5.4 4.3 4.0 
: e 9.37 9.10 9.0 6.5 5.1 6.2 
ie Combined breeds 
Se 9.06 8.89 2.8 2.2 3.6 3.9 
9.15 9.00 3.9 3.3 4.7 4.8 
9.06 8.90 5.3 4.5 4.5 4.5 
8.98 8.80 6.8 5.8 6.9 8.6 
9.06 8.90 47 3.9 4.9 5.4 


nute of milking; Period 2 is the second minute of milking; 
milking; Period 4 is the milk produced after 3 min of milking. 


=== 
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TABLE 5 


Covariance analysis of stage of milking data for 
per cent protein 


Per cent protein adjusted for milk weight. 


Source df Mean square 
Breed (B) 3 1.9322** 
Time of day (T) 1 -3588** 
Period (P) 3 0800 

Linear 1 1.0816** 
Quadratic 1 .0160 
Cubic 1 -0016 
BT 3 0145 
BP 9 0660 
TP: 3 0274 
BTP 9 -0120 
Regression 1 1.8068** 
Error 287 0486 


adjust for a significant deerease in protein per- 
centage with increased milk weights. 

The differences for time of day and breeds 
were statistically highly significant for protein 
and solids-not-fat as well as for milk fat. Stage 
of milking process was not significant for per 
cent protein, but was highly significant for 
solids-not-fat and milk fat, although the dif- 
ferences for solids-not-fat were relatively small. 
The largest differences found at the various 
stages of the milking process were 0.33% for 
protein, 0.81% for solids-not-fat, and 9.2% 
for milk fat. 

There was a tendency for the percentage of 
protein to be slightly lower as milking pro- 
gressed. Solids-not-fat increased from the first 
to the second period, but declined from the 
second to the fourth period. These solids-not- 
fat differences were statistically highly sig- 
nificant over-all as well as linearly and quad- 
ratically. The percentages of milk fat in- 
creased from the first to the fourth period. All 


TABLE 6 


Analysis of variance of stage of milking data for 
per cent solids-not-fat and milk fat 
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Mean square 


Solids 
Source df not-fat Fat 
(%) (%) 

Breed (B) 3 6.9186** 42,65** 
Time 

of day (T) 1 2.1946** 46.97** 
Period (P) 3 4322"* 219.44** 

Linear 1 4489** 657.15** 

Quadratic a .6994** 1.15 

Cubic al 1482 0004 
RT 3 0293 73 
BP 9 0536 6.03** 
TP 3 0027 83 
BTP 9 0118 nlype 
Error 288 0717 1.08 


three constituents showed statistically hig 
significant differences between evening 4@ 
morning milkings and were all lower in 
morning. 
DISCUSSION 
The variations generally found in this st 
are similar to others reported in the literaty 
It appears that solids-not-fat variation is my 
smaller than milk fat and protein is sma 
than solids-not-fat. This is true in the comp 
sons of evening and morning milk as well 
in the different stages of the milking prog 
The large increases in percentages of 
fat found as milking progresses agree with 
work of Espe and Smith (4), Fosgate 
Gardner et al. (6), Borsuk and Zaks (2), ¢ 
Johansson et al. (8), although amounts 
vary because of methods and individual | 
studies. 

The higher evening milk fat percent 
found in this study agree with the results 
Anderson (1), Fosgate (5), Nicholson et 
(11), and Thompson et al. (14), but do- 
agree with those found by Specht et al. 
and Lolkema and Have {10). As has been] 
viously pointed out, Specht worked with @ 
seys and the milking hours were nearly ¢ 
In this study, herd differences were signifi 
sources of variation and even milking Ii 
showed less differences between evening 
morning milk fat percentages than wide it 
vals of milking. These results are in ag 
ment with those of Schmidt and Trimbé 
(12). It is, therefore, possible that an 7 
yidual herd milked at equal intervals 
show no difference between evening and m 
ing milk fat percentages. 

The significant differences found beti 
evening and morning milk for solids-ne 
does not agree with the reports of Specht § 
(13), Nicholson et al. (11), and Thom} 
et al. (14). Since the differences in thi 
were small, and the other reports were bi 
on results from relatively few cows and 
one herd in each study, it is not surprising 
no significant differences were found b: 
other workers. 

The highly significant solids-not-fat p 
age changes during the milking process 
agree with the findings of Czako (3), Fo 
(5), or Gardner et al. (6), but again the | 
ences were small. Differences in metht 
collecting samples could account for the ¢ 
ences found for solids-not-fat. Number 
methods were not given for Czako’s (3) 
Fosgate (5) took samples at the end of § 
and 120 see of milking. Gardner et al. (6 
fore milk, total milk between fore mil 


tically higf 
evening 
lower in 


trippings for his samples. : 
sed on the results of this study, the differ- 
jn protein percentage between evening 
jorning samples are SO small that there 
g to be no need to obtain aliquot samples 


(in this st ning and morning milk under a protein- 
the literaty , program. It would be necessary, how- 
‘ation is m > obtain aliquot samples for solids-not- 
ein is sma fing, since the SNF test is based on the 
n the comp % test and the variation in milk fat is 
ulk as wel between night and morning milkings, 
ilking pro “jn unequal milking intervals. Since 
atages of stages of milking gave slightly higher 
agree with h protein and solids-not-fat, a rep- 
Fosgate milk sample should be taken from 


nilking under a testing program for 


Zaks (2), 
in or solids-not-fat as well as for 


amounts 
individual 
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8. B. TOVE anp 


The ingestion of soybean oil by 


in the linoleate content of 


deposited without hydrogenation. 


The inclusion of fat in the diet of ruminants, 
unlike animals with a simple stomach, has 
little effect upon the fatty acid composition of 
the depot fat of these animals. The relative 
constancy of fatty acid composition of rumi- 
nant depot fat presumably results from the 
action of rumen microflora in hydrogenating 
the unsaturated fatty acids present in the diet 
(3, 5, 8, 10). On the other hand, the increase 
in the iodine number of milk fat upon the ad- 
dition of unsaturated fats to the diet is well 
established (1). Hilditch and Jasperson (4) 
showed that inereases in the levels of stearic and 
oleic acids in milk fat resulted when fats high 
in linoleic acid were fed to cows. Observations 
of increased unsaturation of milk fat resulting 
from dietary fat, however, are inconsistent with 
an effective hydrogenation process in the rumen. 

The feeding experiments reported herein were 
conducted to study changes in milk and depot 
fat simultaneously and to determine whether 
lactation would influence the deposition of un- 
saturated fatty acids. Parenteral administra- 
tion of unsaturated fat, to bypass rumen ac- 
tion, was employed to compare the alteration in 
the fatty acid composition of milk fat with that 
from oral administration. 
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EFFECT OF DIETARY AND INJECTED FAT ON THE FATTY ACID 
COMPOSITION OF BOVINE DEPOT FAT AND MILK PAT! 23° 


Nutrition and Animal and Dairy Husbandry Sections, 
North Carolina State College, Raleigh 


SUMMARY 

cows resulted in a distinct increase in stearic 
acid of both milk fat and adipose tissue, but oleic acid increased only in the 
milk fat. Linoleic acid increased only s| 


intravenous infusion of a cottonseed oi 
milk fat. These findings support the view that dietary 


unsaturated fatty acids are bydrogenate: 
posited by the animal. If the rumen is 


R. D. MOCHRIE 
Department of Animal Science 


lightly when soybeans were fed, whereas 
1 emulsion produced a dramatic increase 


d by the rumen microflora, then de- 
bypassed, unsaturated fatty acids are 


EXPERIMENTAI PROCEDURES 


Soybean-feeding experiment. Four Holst 
cows were used in the study. Two of these 
mals were lactating at the start of the ex 
ment and ceased to lactate near the midp 
Two others were not lactating at the sta 
the experiment but caine into lactation al 
halfway through. 

The animals were fed alfalfa hay and 
silage ad libitum through the trial, whieh 
sisted of a 2-wk preliminary period, a 
soybean-feeding period, and a 3-wk po 
perimental period. A standard concent 
mixture consisting of 39% corn, 29% 
20% soybean oil meal, and 10% citrus 
supplemented with sodium chloride and eal 
and phosphorus, was fed in the prelimi 
period. Ground soybeans replaced 40% ©} 
concentrate mixture during the first 3 wl 
the experimental period, after which the 
bean content was raised to 60% for the rei 
ing 6 wk of the period. The average 
intakes of soybeans vare 2.4 Ib for dry cow! 
3.7 Ib for laetatirig cows during the first 
and 4.7 and 6.8 lb in the last 6 wk. The 
acid compésitions of the standard and 
soybean coneentrate mixtures are giv 
Table 1. 

Samples of adipose tissue were taken 
the brisket by biopsy at weekly interval 
the same day, samples of the mornin 
evening milk were pooled for fat extrad 

Infusion experiment. Three trials wert 
ducted in which a cottonseed oil em 
was infused into the jugular vein of la 


‘Lipomul 1.V., provided by The Upjol 
Kalamazoo, Michigan. 
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‘ ACID TABLE 1 
tae Fatty acid composition of concentrate diets ingested and emulsion injected 
= Fatty acids * 
Substance Fat 16:0 18:0 18:1 18:2 18:3 
Science eS . : 
(%) 
d concentrate 4.1 18.8 4.0 38.2 39.0 
ae concentrate 9.2 13.4 8.3 31.3 45.4 
nul 15.0 Be) 2.8 W956 : 
tearie * Only fatty acids present at a level greater than 1.0% reported. 
n the 
Oe infusion was initiated immediately 15; 
Bie ning milking and was continued 
ietary period. In the first two trials, ‘oj 
m de- pttonseed oil were infused, whereas 
is are jven in the third. A sample from 


@ was collected for two days before 
; four days after the infusion. In 
‘als the cows were milked normally. 


URES | when 900 g were given, the cows 
Four Hol ilked normally, then intravenously 
o of the J of oxytocin and milked again, 


he glands more completely. For 
the normal milk and milk ob- 
ytocin were pooled prior to sam- 
extraction. 

procedures. Milk fat was ex- 
nixture of ether and Skellysolve 
ddition of ethanol and ammonia 
bose tissue samples were homog- 
olumes of a mixture of alcohol 
), the solution brought to a 
ein removed by filtration. The 
jth the milk fat and depot fat 


ide and removed on a steam bath, and 
the prelim f the fatty acids were pre- 
ced 40% terification (11). The fatty 
2 first 3 by gas chromatography on 
which th Celite containing 30% of 
for the r Blycol polyester (12). 

> average 

‘or dry co “ag 

z the first ePertment, The inclusion 
3}wk. Th | the diet of Holstein cows 
lard and composition of both the 


(Figure 1). With milk 
inced inereases in the 


vere tata i¢ acids largely com- 
ly inter sin the Jevels of myr- 
. ae Although the per- 

in the milk fat in- 


period of soybean 


level of pal- 
ally constant ir- 
| soybeans were 
These results are 


PERCENT 
w 
fo} 

TS 


oS. 


iy 
[rey 


a) 5 1015 

WEEKS. 

Fic. 1. Effect of soybean oil ingestion on the 
fatty acid composition of milk fat and adipose 
tissue. (The observations between the two arrows 
are for the period of soybean feeding.) @ adi- 
pose tissue (average of values for all four cows) ; 
© milk fat (average of values for the two cows 
Jactating except in Weeks 7 and 8, when three 
cows were lactating). 


in accord with the observation of Hilditch and 
Jasperson (4), that the ingestion of unsatu- 
rated fat by lactating cows results in an in- 
erease in the levels of stearic and oleic acids in 
milk fat. It is noteworthy that the level of 
linoleic acid in milk fat was only slightly in- 
creased, even though the dietary fat was richer 
in linoleic than it was in oleic acid. Moreover, 
the increase in the level of oleie acid can en- 
tirely account for the increase in iodine number 
observed by other investigators (1) with cows 
ingesting unsaturated fat. 

The fecding of soybeans resulted in an in- 
crease in the level of stearic acid in brisket 
fat similar to that observed in milk fat, con- 
firming the observations of Edwards et al. (2), 
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who fed fat to steers. The level of linoleie acid 
in the depot fat was altered only slightly, if at 
all. Although the stearic acid and linoleic acid 
changes in the depot fat paralleled those ob 
served in the milk fat, the depot fat levels of 
myristic¢, palmitic, palmitoleie, and oleic acids 
behaved quite differently from those of the 
milk fat. The level of both palmitic acid and 
myristie acid in the depot fat remained essen- 
tially constant throughout the course of the 
experiment. There was 2 marked decrease 
the level of palmitoleie acid and a, lesser de 
crease in the level of oleie acid in the depot 
fat associated with the soybean feeding. 

The physiological process of lactation did 
not appear to influence the fatty acid composi- 
tion of depot fat, since no changes in fatty 
acid composition eoincident with the stage of 
lactation were observed. 

Results of the soybean-feeding experiments, 
particularly the slight linoleic acid incorpora- 
tion, were compatible with the idea that un- 
saturated fat was hydrogenated by the rumen 
microflora. However, the increase in olei¢ acid 
level in milk fat reported previously (4) and 
confirmed herein seemed to be in contradiction 
to this notion. 

Infusion experiment. The intravenous in- 
fusion of 450 g or of $00 g, respectively, of a 
cottonseed oil emulsion dramatically raised the 
milk fat level of linoleic acid to a maximum of 
42.5 and 22.0% (Figure 2). Although the fat 
infusion resulted in a decreased milk produc- 
tion for the collection immediately after the 
infusion, in each of the three studies the milk 
production yeturned to normal by 24 hr after 
the infusion, and there was no significant 
effect of the infusion on the milk fat pereentage. 
Linoleic acid was the only acid to show an 
appreciable change upon fat infusion. This is 


TABLE 2 
Fatty acid composition of milk fat jmmediately 


Ss, B. TOVE AND R. DM 


JOCTIRIE 


450 gms 
18:0 


es Ban 3 ee a 
DAYS FOLLOW NG INFUSION 
Fre. 2. Effect of cottonseed oil infusion o 


Jovels of stearate, oleate, and linoleate in 
fat, Data given are averages of two cows | 
received 450 g cottonseed oi and one thal 
ceived 900 B. 


iMustrated by the data of Table 2, in wi 
the fatty acid composition of the milk b 
infusion is compared to the average fatty 
composition of the two collection periods I 
diately after infusion. In all three experi 
the linoleie acid level in milk fat read 
peak within one day following the inf 
The maximum level yeached when 900 
administered was nearly 

450-g¢ infusion. Moreover, 
returned to normal after one day wil 


pefore and after cottonseed oil jnfusi 


Fat infused 


450g 900 & 
Fatty Before After Before After 
acid infusion * infusion ' infusion * infusion” 
= (%) Ss 
14:0 13.5 10.2 8.2 
2.2 0.8 0.9 
39.7 33.8 30.6 
: 2.6 15 18 
18:0 14 10.1 9.5 
18 eb 26.3 28.0 24.5 
18:2 2.6 13.9 21.6 


* Average of four milkings. 
» Avornge of two milkings. 


jutusion, whereas with 900 g an elevated 
of Jinoleate was maintained for several 
despite the use of oxytocin at each milk- 
Segpecially noteworthy that there was no 
Sn the level of stearic acid (Figure 2) 
cottonseed oil infusion, and 
ayas only & slight change in the level of 
eid, despite the fact that the fat admin 
‘contained approximately 18% of oleic 
Table 1). 

DISCUSSION 


observation that feeding high levels of 
acid as supplied in the form of soy- 
cows results in little deposition of 
jd in either milk fat or adipose tis- 
hat stearic acid is dramatically in- 
both, is indicative of the efficiency 
eteness of hydrogenation by the ru- 
fora. Because the fatty acid com- 
P the tallow obtained from a steer 
low-fat diet was typical of that of 
‘tallow, Reiser et al. (9) brought 


N 
infusion ¢ bility that the high stearate cou- 
i depot fat might arise by h 


oleate in 
3 the C-18 unsaturated fatty acids 


. However, the observations fol- 
fusion of cottonseed oil, where 
4 not stearic acid was imcorpo- 
ik fat, are indicative that hy- 
unsaturated fatty acids by the 
per se is not a significant hio- 


was particularly unexpected, 
difference was obtained with 
mnereased in ilk fat with 
whereas the level decreased 
ens et al. (7) have re- 
conversion of stearic acid 
Tactating mammary gland. 
inereased oleic acid in 
@ arisen by dehydrogena- 
by the mammary tissue. 
—— splanation, then it would 
ogenation of saturated 
ed fatty acids is eon- 
' tissue than in mam- 
ed level of palmitoleic 
lipose tissue may re 


le that 
linoleate 
day W! 
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fleet a specific veplacemient of these acids by 
stearic acid, and is in agreement with the re- 


sults observed upon ingestion of stearic acid 


by miec.” 
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METABOLISM OF UNIFORMLY DABBLED GLUCOSE-C™ INTRODUCED 


INTO THE RUMEN OF A LACTATING cow. f. TRANSFER OF 
ch TO RESPIRED AIR, VOLATILE PATTY ACIDS, 


AND MAJOR MILK CONSTITUENTS dre 


K. K. OTAGAKI* ALT. BLACK, J- C. BARTLEY. M. KLEIBER, ann B. 0. RGGUM ' 
School of Veterinary Medicine and The College of Agriculture 
University af California, Davis 


SUMMARY 


To study the metabolic fate of dietary glucose jn the lactating cow, uni- 
formly C-labeled glucose (G-U-C™)_ was introduced through a fistula into the 
rumen, Continuous samples of respired CO, were collected and assayed for 
earbon-14; in addition, samples of rumen and duodenal contents. jugular and 
yuminal vein plood, and milk were collected at frequent intervals and assayed 
for Carbon-14. 

Following the administration of G-U-C™. the specific activity reached & maxi- 
mum in respired CO, at 45 min and in blood volatile fatty acids (VFA) at 
45 min, but the maximum was not reached in plasma glucose until 2 hr had 
elapsed. 

The first sample of rumen VFA, collected 1 hr after G-U-C « administration. 
had the highest specific activity and later samples decreased in specific activity 
by approximately one-half each 4 5 hr. Carbon-14 was not detected in rumen 
VFA after 24 br. 

The specific activity of milk constituents after rumen administration of 
G-U-C™ was different from that observed after intravenotls injection of G-U-C": 
put was similar to results obtained after intravenous inj “labeled 
short-chain fatty acids. 

These results indicate that glueose was rapidly converted to short-chain fatty 
acids in the rumen before its absorption’ and utilization in the tissues of the cow 
for synthesis of milk components and oxidation to earbon dioxide. 

This study presents new information on the difference in nittabolie fate of 
dietary glucose compared to intravenously administered glucose in the ruminant 
and shows the yapid transfer of carbon from dietary glucose to blend VFA; 
which had not been previously demonstrated. 


ee 
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iD) mal. a minor part of the cow's heat production. ministration of G-U-C" and intermittently 
owevers there is a paucity of information on thereafter for 40 hr. Rumen gases were col- 
we metabolic fate of C'-glucose introdueed lected by means of a plastie tube inserted 

ectly into the rumen and the subsequent uti- through the rumen plug. A. slight negative 
ation of produets formed in the rmuen from pressure in the rumen wis maintained through- 
seose for milk synthesis. The latter study out the first 7 br of the trial by use of Mariotte 
™* Sof interest, because it reflects the influence bottles. This arrangement was used to mini 
the rune nel ‘oflora on the utilization of mize the mixing by eruetation of the respired 
ry carbohydrate. CO. with gases produced in the rumen. 

e present study was undertaken to obtain Milk was collected periodically during the 
srmation on the transfer of C" from G-U-C" first 35 hr after jsotope administration and 
ministered intrarunminally to respired air, fractionated into its major organic constitu. 

ilk constituents and VFA of blood, — ents: case, lactose, albumin, citric acid, and 

. m, and duodenal contents. The data from fat, and assayed for C™ as previously de- 
- red air and major milk constituents are seribed (10). 

i ared with those previously obtained when The blood was centrifuged immediately after 

1 was administered intravenously (8). collection. The plasma was removed and de- 

proteinized with Ba(OH), and Zn80, (19). 

i BNPERIMENTAL PROCEDURS The glucose concentration was determined by 

it A 385-kg grade Ifolstem cow with a the glucose oxidase method (3). A portion of 

a fistula, duodenal enterostomy (20), and — the concentrated protein-free filtrate was saved 

‘and runinal vein catheters was ‘used. for steam distillation of VFA. Glucose was iso- 

ry Hin her fourth month of lactation and lated from the reniainder as glucosazone (2) 

ty 40 ke milk per day. The feeding and counted direetly. 

eu bnsisted of alfalfa hay and a grain Rumen contents were collected from ante- 

sf yolled barley, beet pulp, and protein rior, ventral and dorsal and the posterior, 

of nts. ventral and dorsal areas of the rumen at vari- 
wu Uniformly labeled glucose was syn- ous times after adding G-U-C".. Approxi- 
ied ¢ exposing Canna indica leaves to mately 100 to 150 g of rumen contents were 
atmosphere of CO. for a 24hy transferred directly into preweighed pint-sized 

tty then isolating the glucose according Mason jars containing 150 ml of 1 N FSO. 

rome a of Putman and IIassid (16). Volatile fatty acids were steam-distilled by a 

inistraiton and dosage. A total modification of the method deseribed by Me 
30h of C'-glucose (+ 1 mg) dissolved  Clendon (13) and fractionated on a silicic acid 
yant distilled water was distributed as column, using chloroforni and butanol-chloro 

FA, ssible throughout the rumen via form mixtur saturated with 0.05% ILCI. The 

total dose was added within Packard Scintillation Spectrometer was used 


tive administered dose amounted — to assay CM in VFA. 
body weight. 
Sing standard units (s.u.) of RESULTS 
bity. The term s.u. is used The specific activity of the cow’s respired 
S the specific units expre: CO. changed with time, as shown by the curve 
F gram atom carbon in the in Figure 1. The maximum speatie activity 
livided by mierocuries GC” oceurred about 40-50 min after the G-U-C* 
un of body weight: wag added to the rumen and decreased at an 
almost constant rate for several hours there- 
after. In an earlier study (8), when G-U-C* 
; was injected intravenously into a lactating cow, 
mit has the advantage the maximum specific activity occurred about 
act comparisons between 10 min earlier (see Figure 1) and was one and 
that receive different one-half times greater than that found after 
G-U-C* was added to the rumen. 
on of the respiration Figure 2 shows the change with time for the 
hiques for measuring specific activity of plasnia glucose collected 
Os carbon-14 in the from the ruminal and the jugular vein. During 
han an earher pub- the first hour, the speeifie activities of glucose 
ees collected at samples imercased rapidly and the values were 
“hr after the ad- nearly the same in ruminal and jugular plasma. 


ér gram atom carbon 
ered/kilogram body weight 
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different regions of the rumen at different pe- 
riods of the trial are listed in Table 1. The 


TABLE 1 


Standardized specific activity of VEA from 
various parts of the rumen 


WW RESPIRATORY Cp 
Time in hours 


3° ‘ 

$ \ a 
z 5 Sample area 1 5 10 24 

s z, Posterior ventral 3.94 1.54 0.83 s 
Sle ‘Anterior dorsal 371 149 0.22 0.08 
2\3 Anterior ventral 3.01 1.20 0.95 0.18 
ale sey Adnan Posterior dorsal 204 1.06 0.81 0-18 
als C 


earliest samples collected, at 1 hr followin 
addition of G-U-C™, had the greatest specifi 
activity. In later samples, the value decreas 
rapidly, indicating very fast turnover of th 


0 Ca, a a 30 
HOURS AFTER ADMINISTRATION fatty acid pool 
Hie. 1. Standardized activity of respired COs ‘Although the VFA recovered from rumé 
fi admini i -u-c%. is 
after administration ote contents at the end of 1 br had the great 
specific activity, it 1s apparent from the plasm 
ae determinations (Table 2) that the maxim 
2.00) suaulal Vil 4 TABLE 2 
wien Standardized specific activity of total plasm 
80k 4 VFA at various time intervals 
cl IN PLASMA GLUCOSE. Tm 
1.60) 4 after 
i Blood adminis- Jugular 
sample tration veil 
= L40- =| — 
3s (hr) 
B\ = ay x 2.17 6.26 
3 Bier 4 2 Hd 030 3.73 
~6| Zs 3 Be 0.95 3.82 
e| * 1.00} a + a. 1.21 3.59 
a\¢ 5 3 0.39 2.97 
€| = 6 4 0.15 1.30 
Slt 080} 4 7 5 0.21 1.25 
Pa 8 12 0.03 0.10 
Sa 9 24 0.01 Be 
od a =a 
specific activity in VFA had occurred 


earlier. The VPA from jugular and ru 
vein plasma had already reached maxim 

NX eifie activity m the first sample colleet 
min after G-U-C" was added to rumen C0! 
te eacsmswT et 0 24 Thus, it is apparent that the metabolis 
HOURS AFTER ADMINISTRATION glucose jn the rumen and absorption © 
Fie. 2. Standardized specific activity of plasma acids must. be extremely rapid. The fa 
glucose after administration of G-U-C™ into rumen. the specific activities of VPA obtaine 
the rumen and front ruminal vein blo! 


In later samples, however, the glucose had a nearly equal at 4, 5, and 10 hr also 
considerably Ingher specific activity in jugular rapid transfer of ¥ FA from rumen 
blood and it ws only after LO hr had elapsed The low specific activity oF 

that the specific activity of glucose from jugu- from jugular plasma at one-half howe 
lar and yuninal vein again approached equality. sistent with earlier and Jater samples 


The specific activity of VFA recovered from jugular yein as well as samples frou 


nt pe ginal ver 
the ruminal v 
‘A collecte! 


on 
nen wel 


ed 


Orr ee 


nen. 

pparation of the rumen VF. 

ionic, butyrie and higher short-chain fatty 

Behowed that acetate had the highest spe-  gyts js summarized in Figure 3. For purpose 
ariz ig 3. S 


YEA was approx: 
, propionic, butyrate an 
tively, for all collection periods. The 
e activity of the individoal ve a on cific activity, followed in decreasing order by 
from the posterior dorsal Recast was ilk fat, lactose, and casein. In contrast, when 
than those from the other arene of the @_1-¢™ was injected intravenously, lactose had 
:. A eine lees aes the greatest specifie aetivity and the value was 
lanty Pee oncntiation ay eA: in about 40 tintes greater than the lactose reeov- 
, ; Rients per 100 g of rumen sontente ered after adding G-U-C" to the rumen, After 
al highest in the sample obtained from 
jor dorsal area, Radioactivity, how- 
jgreater in the posterior ventral re- 
jn the other areas of the rumen 
‘the collection periods, as shown in to rumen contents. 
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The specific activities of VPA from Table 1. One explanation for this difference 
ein were always greater than the might be attributed to the nonuniform dis 
d simultaneously from jugular tribution of the digesta, production of VFA 
' One explanation for this differenee therefrom, and unequal absorption rates from 
ould be that the liver selectively removed yarious areas of the rumen. 

ose fatty acids (18) containing most of the 


Samples collected from the duodenum be 
tween the third to fifth hour of the trial con- 


The specific activities of VFA (Table 1) tained small amounts of earbon-14. Only an 
) samples collected in yarious parts of the — jnsignificant part of this C" could be accounted 
‘e not greatly different, indieating for in VFA or glucose; most of the C™ was 
it the carhon-14 labeled glucose had been — yeeovered in the fraction precipitated by addi- 
tributed rather uniformly throughout the tion of aleohol. This fraction was not identi 


fied chemically, but presumably contained mainly 


‘A into acetic,  gellular material of a protein nature. 


The transfer of earbon-14 to milk constitu~ 


aetivity. The ratio of specific netivity. of Ge comparison, data are ineluded from earlier 
mately FADS L3 for studies (8) on lactating cows injected intra- 
d higher VFA, re 


yenously with G U-C". After adding G-U-C™ 
to the runien, citrie acid had the greatest spe- 


intravenous injection of G-U-C™, casein and 
citric acid also had greater specific activities 
and milk fat lower specific activities than the 
corresponding samples, after adding G-U-C" 


CASEIN WILK FAT GITRIG ACID 


35 10.22.35 34.1 2335 | 3 8 10 


| 
SPEGIFIC GY ACTIVITY 
JN MILK CONSTITUENTS 


Rumen administration 


tntrouenone Injection 


a 
2235 341 e338 | 
HOURS AFTER ADMINISTRATION OF G-U-G" 


of standardized specific activity of milk constituents after intravenous 
istration of G-U-C". 
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DISCUSSION 

Results from this study clearly’ show that 
the metabolic fate of dietary glucose is dis- 
tinctly different from that of blood glucose in 
the lactating cow. Most of this difference is 
presumably due te the metabolic activity of the 
rumen microflora, whieh readily attack glucose 
and convert the carbon to snort-chain fatty 
acids and other products of fermentation. 

Tt appears that little, if any, of the glucose 
per se which was added to the rumen was ab- 
sorbed from the gastro intestinal tract of the 
even though earbon-14 appeared very 
4d CO,. The maximum specific 
ached in the plasma glucose 
beginning of the trial. 
Meanwhile, the specific activity of respired CO. 
had reached a maximum at 45 min, and the 
short-chain fatty acids at 15 min, or perhaps 
even earlier. 

The most. reasonable explanation for these 
relationships would be that the G-U-C™ was 
fermented by the rumen microflora and the 
carbon of this glucose rapidly converted to 
short-chain fatty acids. These fatty acids were 
absorbed and, in part, os ized in the cow's 
tissues, the C'* appearing in her respired CO:. 
Additional fatty acid was apparently absorhed 
by the liver, as indicated by the lower specific 
aetivity of fatty acids from jugular plasma 
(post-liver) compared with fatty acids from 
simultaneous samples of ruminal vein plasma 
(pre-liver) - Some of the fatty acid carbon, 
presumably mainly propionate, was converted 
to glucose and released from the liver into the 
blood. This conversion would account for the 
fact that’ the specific activity of glucose in 
jugular yein blood ex seeded that of yuninal 
vein blood, at least during the interval from 
2.8 hr after the G-U-C" was added to rumen 
contents. 

The best evidence that the G-U-C™ was ex- 
tensively metabolized before its utilization m 
the cow’s tissues comes from a comparison of 
the specific activity among the milk products 
synthesized. As shown by the histograms in 
Figure 3, the specific activities of all products 
were distinctly different after intravenous in 
jection of G-U-C" than they were after rumen 
addition of G-U-C". Intravenous G-U-C" was 
transferred to lactose so efficiently that 47 to 
55% of the total carbon-.4 injeeted as G-U-C" 
wag recovered in this single product (3). After 
adding G-U-C" to the rumen, only 2.6% of 
the C was recovered in lactose. This difference 

esults would rot be expected if mich of 
“had been absorbed as glucose, On the 
and, milk fat contained, on the averages 


cow, 
early in respire’ 
activity was not re 
until 2 hr after the 


mr 


the C 
other h 


after intravenous injection of 
aceounted for 4.0% of the Ct 
recovered after rumen addition, When GC" aee- 
tate was injected intravenously into lactating 


cows, 9% of the C" from neetate-1-C™ and 
CC"! was recovered 


12% of the C™ from acetate-2+ 

in milk fat. Thus, the results after G-U-c* 

was added to the rumen resemble more nearly 
venous injection of CZ 


the results after intra 
acetate than results after intravenous injection 


of G-U-C™. 
The absence of 
in the VFA or glu 


7.5% of the c" 
G-U-C™ (8), but 


appreciable amounts of Ct 


cose fraction of duodenal 
contents is further evidence for extensive degra: 
dation of glucose in the ramen and absorption 
of the metabolic products from that organ. 
Most of the C in duodenal contents appeared 
to be in a protein fraction. Studies are eur 
rently under way to clucidate the utilization 
of glucose carbon for protein synthesis by 
rumen bacteria and protozoa. 
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NUTRITIVE VALUE OF 


trate mixtures; whereas, others use it im econ 
omy-type high-fiber mixtures. 

Even thongh a large amount of research has 

heen carried out on other phases of urea uti 
jization, little research has been conducted on 
the relationships between levels of urea used, 
ality of ingredients, and the effeet on the 
digestibility tnd utilization of the protein and 
nergy of the yation. 
This study was undertaken, therefore, to de 
prmine the quality of ration in which urea is 
filized most effectively and the optimum level 
f urea in rations of various qualities. 


EXPERIMENTAL PROCEDURE 


n the main studies two types of concentrate 
dures were used, a low-fiber mixture con- 
ng approximately 5% fiber and a high- 
» mixture containing approximately 10% 
Po each type of concentrate mixture 
Fadded four levels of urea, 0, 10, 20, and 
per ton, or the equivalent of 0, 8.75, 17.5, 
B5% of the protein of the coneentrate 
re, In addition, two 15% fiber concen- 
mixtures, one containing no urea and the 
0 Ib per ton, were fed as the sole rations 
i increment studies. 

ornmlae and chemiesl composition of 
ntrate mixtures used for the nutritive 
experiments taken from Morrison’s 
‘shown in Table 1. The variables used 
wdizing the concentrate mixtures for 


Coneentrate mixtures ( 
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protem and energy were wren, cornmeal, and 
soybean oil meal, Oat feed was substituted for 
the criniped oats to inerease the fiber content. 
The amounts of all the other ingredients in 
the mixtures remained constant. All the in- 
gredients for the eoneentrate nuxtures were 
bought at one time, with urances from the 
dealer that they were from the sane lot, to 
prevent lot-to-lot va ation in the different 
grains, A batch, sufficient to carry one animal 
through the digestion and utilization experi- 
ment, was mixed each time as needed, The 
netual analyses of the concentrate mixtures and 
forages are show? in Table 2. 

The forages fed with the above coneentrate 
mixtures were late-cut  fleld cured imixed grass 
hay during the first year, 1959-1960, and early- 
cut field-cured grass hay during the next two 
years, 1960-1961 and 1961-1962. 

Three sets of unbred twin dairy heifers were 
used as experimental subjects. One set was 
identical Ayrshives and the other two were 
fraternal twin Holsteins. The first year, 1959- 
1960, the jdentical-twin Ayrshires, 22 months 
of age and about 900 Th, and one set of fra- 
termal twin Holstems, 18 nenths of age and 
weighing about 700 Ib at the beginning of the 
experiment, were used to evaluate the rations. 
Tn the second year’s experiments, 1960-1961, 
the same identical twin Ayrshires, weighing 
about 1,050 Ib, and a different set of fraternal 
twin Holsteins, 20 months of age and weighing 


TABLE 1 


1959-1960, 1960-1961) 


Urea levels 


High energy 


High filer 


10 20 40 0 10 20 40 
(ib) = 
940 1,030 735 795, 855 975, 
400 400 
400 400 400 400 
200 200 200 200 200 200 
50 50 50 50 a0 50 
50 BO 50 50 50 50 
200 200 200 200 200 200 
110 tay B85 265 295 55 
20 40 0 10 20 40 
10 10 10 10 10 10 
20 20: 20 20 20 20 


2,000 2,000 2,000 2,000 2,000 
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TABLE 2 
Proximate atialysis and caloric content of feeds * 


Nitrogen: 
Crude Ether Crude free Gross 
Feeds Ash protein extract fiber extract energy 


1959-1960 = (%) = 
Mixed grass hay BAC 226: 34.25 51.02 
Low-fiber grain mixtures 
0 Jb urea per ton A 34 5.66 66.96 
10 1b urea per ton G0 1 z 5.59 67.50 : 
20 Ib urea per ton B ‘ 5. 68.00 4.3964 
40 1b urea per ton E 2 52 67,95 4.3338 


High-fiber grain mixtures 

0 1b urea per ton 7 id A 53.) 4.3539 

10 Ib urea per ton e 17.89 fs 63.0F 4.3487 
90 Ib urea per ton 40 17.14 is iy 4.3151 
40 1b urea per ton Sl 16.83 ay 9.98 4.3054 


1960-1961 
Early-cut hay ‘ 14.31 
Low fiber grain miftures 

0 1b urea per ton 5.91 18.31 
10 Ib urea per ton Pil) 18,39 
20 1b urea per ton 5. 18.17 
40 1b urea per ton y 18.05 

High-fiber grain mixtures 
0 1b urea per ton G47 18.29 
10 Ib urea per ton a 18.40 
20 Ib urea per ton 5. 18.68 
40 Ib uren per ton 17.66 


“Values expressed on dry matter basis. 


about 950 lb, were the experimental animals. spends standing and lying is recorded. Fi 
Every animal received every ration an equal — this record it is determined whether the a 
nuinber of times, a complete balanced design. ity is normal. Heat production measuremeé 
Examination of the means within the twin are based on 24 hr of normal activity, 
pairs seemed to show no differences between nunimum of 35% lying and a maxiMuny 
twins or within twins on the same ration. about 12 changes of position are the in 

The procedures used to study the nutritive for a normal period (12). 
value of the experimental rations were those 4. Heat production on fast. The heat pro 
routinely followed in this laboratory (8, 25, 26). tion of the animal is measured after it has b 
They consist mainly of the following : fasted for 48 hr. A post-absorptive cond 

1. Preliminary period, This is an adjustment — is considered to have been reached when Mi 
period of 15 to 18 days during which the ani- ane ceases to be produced and the respira 
mal becomes acenstomed to the kind and quotient (ratio of carbon dioxide produeé 
amount of feed to he evaluated. The level of oxygen consumed) is 0.75 or less. Ab the 
nutrition at which the evaluation is carried of nutrition of this experiment, this is te 
out is slightly above maintenance. + ot 48 hr after last feed is consumed. 

2, Gollection period. This period lasts eight The difference between heat producto} 
to ten days. During this time the feed, feces, feed and heat production on fast is the 
and urine are weighed, sampled, and a com- increnient of the ration or work of diges! 
posite sample of each is kept for analysis. The 
feces are preserved by freezing to a solid state RESULTS AND DISCUSSION 
and the urine is kept under refrigeration, just The digestion and utilization expel 
above freezing. were carried out between October and 

3. Heat production measurement on feed. 1959-1960 and 1960-1961. They were P 
Afier the collection period, the animal is put 0 that each one of the eight rations WS 
in the respiration chamber, fed the same amount fed to four animals aecording to the 
of feed as during the collection period, and its shown 1n Table 4. 
heat and methane - production measured by Results of the first two years’ wor 
means of indirect calorimetry. By means of an 1960 and 1960-1961, are shown in 4 
electric eye, the length of time the animal The 1959-1960 experiments, which — 


TABLE 3 
mixtures fed ax sole ration in 
1961-1962 


Olb 401b 


38 
ey urea, urea 
per ton per tor 
‘g) 
51 (ib) 
300 550 
26 THO Sov 
38 200 200 
64 100 50 
338 : ) 
molasses 
339 bean oi] meal 
487 
151 jum phosphate 
O54 mineralized silt 
Total 
1287 
3851 
3326 
3061 
ae romplete digestion and utilization bal- 
3259 ad 64, 24-hr heat production measure- 
"3385 1 
3137 
2479 stibility of the dry matter, total 
nts, digestible energy, metabo- 
vey, and net energy were higher in 
orded, her rations than they were in the 
ier the e high-fiber rations. Digestibility of 
- about the same in comparable low- 


er rations and was not affected by 
As the level of urea in the ration 
|, the net energy of the high-fiber 
sed from 1.507 Calories per gram 
to 1.625 Calories per gram in the 
= ton concentrate mixture. 


we the 


e heat pr 
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In the second year's experiments, 1960-1961, 
when the sane concentrate mixtures were fed 
with the early-eut hay, a statistical analysis 
of these results show a signifieant increase in 
net energy as the ures was increased from 0) 
to 40 Ib per ton in the concentrate mixture. 
The 1960-1961 results further confirm those of 
the previous year, in that the low fiber rations 
were superior in total digestible nutrients, di- 
gestible energy, metabolizable energy, and net 
energy, and that addition of urea in the con 
contrate mixture up to 40 Ib per ton did not 
have any observed adverse effect in any of the 
rations. 

The most noteworthy observation the second 
year was thab when urea was increased to 40 
Ib per ton in the high-fiber mixture it was equal 
to any of the low-fiber mixtures in net energy 
value. The net energy of the high-fiber ration 
without urea contained 1.489 Calories per gram, 
but increased to 1.740 Calories per gram in the 
ration containing 40 lb urca per ton. 

The forage used the first year was of poor- 
quality late-cut mixed grass hay, whereas in 
the second year the forage was early-cut mixed 
grass hay with a higher protein content. In 
both years the concentrate mixtures were about 
the same, This suggests, then, that the addi- 
tion of urea will not provide significant im- 
provement to poor forages coupled with high- 
fiber concentrate mixtures, but will improve 
the net energy values of rations consisting of 
good-quality forage and the same concentrate 
mixtures. The greatest change in net energy 
values seemed to be at the lower levels of urea, 
and the addition of urea in amounts in excess 
of 20 Ib per ton lead to sinaller incremental 


TABLE 4 
Schedule of experiments of urea study 


, Hiesi Series? Series Series4 Series 5 _ Series 6 Series? Series 8 
Ss. (a E Nov. Nov-Dec. Dec. Jan. Jan.Feb. Feb.-Mar, Mar. -Apr. Apr. May May-June 
1959-1960 rations 
E4 F3 Fl F4 E3 ¥F2 E2 
Ft Fu ¥F3 E4 El ¥F2 E2 
FL El ES F3 ‘F2 F4 E4 
E3 F2 Ez Fl ¥3 ¥F1 E4 
1960-1961 rations 
ss1ON Fe E3 F¢ Fl F3 Ea EL 
E2 F3 El Fl E4 F4 B3 
get % E4 4 F3 EL E3 E2 
ce EL _E2 E3 F4 F2 E4 


Urea/ton concentrate mixture. 


b urea/ton concentrate mix 
purea/ton concentrate m 
u rea/ton concentrate mixture, 
rea/ton concentrate mixture. 
ea/ton concentrat 
ea/ton concentrate mixture, 


a/ton concentrate mixture. 
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TABLE 5 
Avernge nutritive values of entire rations 


Digest! 
Metabo- Julity 
Coneentrate lizable Net of dry 
mixtures TDN energy energy proteil matter 
(%) (Cal per g) (%) (Ge) 


Rations including le 
Low-fiber 
Urea, Olb/ton 
Urea, 10 Ib/ton 
Tren, 20 Tb/tom 
Uren, 40 Ib/ton 
Nigh-fiber 


69.37 


” 


Trea, 0 lb/ton 70d 
Uren, 10 Ib/ton 2.713 
Urea, 20 tb/ton 2.707 

2.648 


Urea, 40 Ib/ton 


Rations. including early mat 


Low-fiber 
Uren, 0 Ib/ton 3.072 
Urea, 10 \b/ton 3.128 
Uren, 20 Wb/ton 3.053 
Urea, 40 Tb/ton 3,043 
High-fiber 
Vren, 0 tb/ton W827 
2.896 


Urea, 10 Vb/ton 
Urea, 20 Ib/ton 
Urea, 40 Ih/ton 


2.856 


te maturity hay (1959-1960) 


2.500 68.85 
QAI 
2.500 
2.535 
1507" GOAT 
1.402 66.91 


64.39 
66,00 


1489 
1.606 74,05 74.77 
1.650 F432 72.78 
1.740 72M2 72.31 


* Average of three animals only. 


changes in net energy values. 

The vesults of the experiment, therefore, 
indicate that, when fed with early-cut grass hay 
and on the pasis of net energy, the high-fiber 
ration with 40 Ih urea per ton, which contained 
less expensive ingredients, was approximately 
comparable to the low-fiber concentrate mix 
tures which contained more expensive ingre> 
dients. 

This confirms field observations that urea 
used in Kmited amounts jn certain types of 
rations has beneficial nutritional properties in 
addition to the protein it supplies. It is also 
in agreement with results obtained at this Sta- 
tion on vitamin synthesis as affected by urea, 
which showed that the synthetic activity im- 
proved significantly at the higher urea levels, 
particalarly in vitamin Bye (28). 

To shed some light on the reason net energy 
increased in the higher fiber vations with the 
addition of urea, ‘and whether the trend of 
lower heat increment persisted, 15% fiber con- 
centrate mixtures with 0 and 40 jh urea per 
ton formulated as shown in Table 3 were sim- 
jlarly evaluated. The heat production of each 

nimal was measured after about a month on 
each of these concentrate mixtures as the sole 
ration. From the heat production gneasure- 
ments On feed and on fast the heat merement 
values were calenlated. These are shown 1 


ay 


Table 6, The yesults show & considerable 
crease in the heat imerement when the aniny 
were fed the concentrate mixture containn 
the urea. 

To study further this effeet of urea om tl 
heat increment, 24 complete digestion and 
lization balance experiments were eon du 
during the year 1961-1962. Results of U 
shown in Table Wi. 


experiments, which are 
summarized 3s follows: 
Results from feeding both 5 and 10% 
concentrate mixtures containing 0 and 
urea per ton essentially confirmed the T 
of the previous yeat, jn which the hight 
rations containing this level of urea ha 
the same net energy Per unit weight of fi 
the law-fiber feed. ‘Actually, the net ene: 
the low-fiber was 1,806 Calories per gran 
the high-fiber 1.752 Calories per grams 
ever, an analysis using Student's 
showed no signifieance. The daily bala 
energy Was slightly higher with the } 
mixtures, but the reverse was true int thi 
balances of the protein. 
With the al-concentrate rations 2) 
urea, the net enerey and daily palane 
ergy were higher in the low-liber rate 
ever, the digestibility and daily palane 
tein were high 1m the high-fiber ratio 
du all-concentrate rations contain 


is 


NUTRITIVE 


eat increment of 1500 fiber ration with 


VALUE OF KATION POR CATTIAR 


TABLE 6 


gud without urea 


lleat production 
per 24 hours 


1961-1962 


Tieat 
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increment 


Ration Animal On feed On fast of ration 
———$—_—_ (€al)- ——— 
0 Urea/ton A 338 14,247 9,648 4,599 
H 434 14,342 10,861 81 
H 435 12,073 8,288 a 85 
Ave 3,622 
40 1b Urea/ton A338 12,104 3,342 
H434 13,726 3,468 
H435 11,658 2,406 
Ave 3,070 
TABLE 7 
Average nutritive values of urea rations 1961-1962 
Dry 
matter Digest- Metabo- Daily Digesti- Daily 
digesti- ible lizable Net. energy hility proteim 
Ration bility energy ¢hergy energy Valance protem balance 
(#) (Cal per g) (Cal) (%) (9) 
TLow-fiber 
40 Ib urea/ton 
+ hay 75.90 3.185 2.677 1.806 + 3,469 71.36 +100 
High fiber 
40 Ib urea/ton 
-+hay 70.06 2.897 2.423, +2817 68.18 +118 
Low-fiber 
40 Ib urea/ton 
as sole ration 84.20 3.580 3.110 2.350 + 3,365 79.41 +165 
High-fiber 
40 Ib urea/ton 
on as sole ration 3.167 2.608 1.850 + 731 84.18 + 182 
Low fiber 
0 1b urea/ton 
as sole ration 83.93 3.624 3.070 2,260 + 3,981 77.60 +182 
igh-fiber 
O Wb urea/ton 
assole ration FBT 3.041 1.803 + 365 T7338 + 135 


tle 


their 


energy and daily 
mixture were like 
the high-fiber mixture. 
ts of this experiment indicate 
fof urea in a concentrate mixture 
fed with early-cut hay tends te 


» 3. GC. 


“chusetts Agr. Expt. St, 


net energy value of the ration, 
y due to a decreased loss of ener 
increment. The substituting of urea 
the protem has essentially no effect 
Stible protein content. These differ- 
significance 
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125 
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SUMM 


Kffects of adding minerals simul 


differences (P < 0.01) in the over-all 
among groups of calves fe 
days, 
the over: 
ereased i 
severe, apparently noninfectious diarr! 
though the same amount of the 
the experiment, indicating a mar! 

Addition of minerals to the a 


ll incidence 
incidence in comparison to 


nd 

56. tended to delay, the rate of aboniasal 
at, of 16 calves at four and 11 days 

ute abomasal evacuation was defini 

J, days the radiographs were made. 


position of digestive 
to fecal consistency at th 


The mineral content of various ingredients 
and the type of fat to use are among the fac- 
tors that need to be considered in formulating 
milk replacers for dairy calves. Wing et. al. 
(25) suggested that the high incidence of 
diarrhea observed in calves fed replacers ¢eon- 
aining a relatively large amount of dried whey 
dried whey product (5, 
st partially due to the high mineral eontent 
‘these products. Further, Owen et al. (17) 
aved that the addition of minerals sini- 
ng whey ash to a skimmilk diet caused 
thea in calves 11 days of age and older, 
eas a lower incidence of diarrhea resulted 
i the minerals were added to whole milk 
Ming 3.1% fat. 
erent fats have been observed to vary 
in nutritional value for young calves 
, 11, 14, 24). Part of this variation 
iitributed to differences in digestibility 
ts (1, 6, 10, 18, 19); however, other 
also known to be involved, since 
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a basal nonfat milk solids diet for calves were 


ed the different dicts in one 


but not in another trial of shorter duration. 
of diarrhea in the calves, whereas the animal tallow de- 


INERALS ON THE INCIDENCE OF 
ASSAGE OF DIETS IN THE 
DIGESTIVE TRACT OF DATRY CALVES + 


R. WALLER 


ARY 


ating whey ash, animal tallow, or both to 


determined. Jlighly signifieant 
diarrhea were observed 
trial extending for 21 
The added minerals increased 


incidence of 


diets without added fat. The rather 


hea subsided after several days, even 
respective diets was fed each day throughout 
ked adaptation of the calves to diarrheic. diets. 
jet appeared to aecclerate, whereas added fat 
evacuation, as determined by radiography 
of age. There was little evidence that the rate of 
tely related to the severity of diarrhea on the 
The average weight, pH, and chemical com- 
tract contents in calves at 17 days of age were not related 
e time of slaughter. 


_ 


Raven and Robinson (18) found palm oil to 
have a lower protein-sparing effect than milk 
fat, even though the digestibility of the two 
fats was nearly equal. The nutritive value of 
some fats is increased by the addition of leci- 
thin (10), and several fats are improved by 
homogenization (3, 10, 12) or hydrogenation 
(2, 14). Tn contrast, Raven and Robinson (18, 
19) found unhydrogenated palm oil and paim- 
kernel oil to be superior to the corresponding 
hydrogenated products, as measured by their 
effect on the nitrogen retention of calves. Other 
factors affecting the nutritive value of milk re- 
placers for calves have been discussed by 
Schuh (20). 

The objective of the present study was to 
determine the effects of adding minerals sinu- 
lating whey ash, animal tallow, or both, to a 
basal nonfat milk solids (NFMS) diet for 
young calves under eonditions of continuous 
feeding. 

EXPERIMENTAL PROCEDURE 

In each of two separate trials, 16 male Hol- 
stein ealves were assigned at random to treat- 
ment groups as follows: (a) basal NFMS 
diet, (b) basal dict plus fat, (c) basal diet 
plus minerals, (d) basal diet plus minerals 
and fut. All ealves were started on experiment 
at three days of age as they beeame available 
over a period of several months. Tn Trial T, 
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é 


» May to February: calves were a8 
studies and afterwards 


jyes mm Tree 


extending frow 


tu 


killed at 17 days of age The ca 
Tl, extending from February to duly, were ture was chosen because calves were fre 
qnaintained on ental rations until gbserved to have # body amnperature thi 
with no other diniel ¢ dence of infection 
ander the prevailing climatic conditions. 


24 days of ase. 

The basal diet contain 
milk solids. Thets containing 3% animal tal 
low were prepared by homogenizing the tallow 
at 2,000 psi with the pasal diet. The nineral 
supplement simulating whey ash (450 ¢ Ca- 
HPO, 211.0, ih ¢ MgSO. 

Sal) was added to the milk imime- 
ding at the yate of 2 1% 


ed 10% dvied nonfat 


ba 


of the milk eonsume 
was used because it approximated the level in beginning with one 
whey product reconstituted to have the same = ied and then at 0.5, 3, 9» 12, and 24 hr there- 
i Also, it ap- after. Feeding of the calves Was delayed at 12 
made. 


yesults prev 
with older €@ 
mittent, shor" 
trae 


Supplemental vita 
= were added to all 
those previously 
orkers (6, 135 21), to insure 
ald not be confounded by 
ents. 

as fed colostrum for two days 
birth, and thereafter the respective 6X 
fed at 12-br intervals at 
of initial body weight. 
jn a barn in which the 
S controlled within the limits 
having mnetal sereet! 
ed, and yatings oF ‘fecal consist 
¢ at frequent intervals (3. 6, 
) during each dav. 


2, and 8, de- 
semifiuid, and e@X- 
y. Body weights 
ood samples were 
day intervals for hematoerit eval- 
detect any marked 
The diarrhea which occ! 
to he of nutritional onigin 


e minerals 
ounts similar to 


temperature was 
of 60-85 
floors were US' 


and 9 AM 4» 
using & geometr 
noting normal, 
tremely quid feves, reF 


uation, to 
the calves. 


considered as long 
Qo with vitamins, trace min 
as follows Amounts pct 
vitamin A, 625 TU vitamin 
20 mg riboflavin, 10 me 
Ca pantothenate, 20 mg wiicin, 
0.2 ms wotin, 12 MS pamine 
mg alpha ptocopherol, 1 mg folie 
, 0.01 me vitamin Bre ow 
Amounts per pound of diets 
g CuSO. 8-0 ms MnSO. ° 
4 penicilin, 170 WK 


s Diets supplemente 
als, and antibiotics 
5,000 TO 
thiamine, 


penz0i¢ acid, 20 
aeid, 1 me ™ 
mg ehlortetracy cline. 
V1 me FeSOu 2-1 ™ 
H.O, 2.5 mB pacitracin, 
choline ehloride. 


allotted amount of feed, and th: 
ve remaine 


Radiographs were 
Trial fat 
mine the 
and passage 
tract. 


calf at the rate 
diet. A series of yadiog?ap 


and 2+ hr un 


mobile 
and 14- by 
cassettes: with Patt 
ing screens. 
w 
standing ¢ 
cassette distance of 30 in. 
posur' 
anterior Junba 
and 73 ky. 


Ale 


ained alert, eonswned the 
© reetal temper 
1o3.5F. This ter 


the calves ret 


a below 


made of the 16 calves 1n 
four and 1h days of ages to deter> 
yed for abomasal evacuation 
through the intestinal 
yadiograph, 


Lime regu 
of the diets 
making 2 survey 
Barotrast ') Was fed to cach 
of 1 oz/pound of the usaal 
hs was then made, 
ter the test 


After 
rium sulfate | 


minediately af 


diographs were 
using @ 


til the ra 
The radiographs were made, Ppieker 
qnachine, Kodak Royal Blue inedical fihn, 
ji-in. Picker Lysholm grid front 

‘son, high-speed intensify- 

laced in an 


The cassettes were P 
pright cassette holder on the right side of the 
ig (Figure 3), with a focal-spot 
The average €X 
g em in the 
a at 0.3 see 
a from 16 


e for a calf measuring 1 
y area Was 50 mw 
As the calves varie 


aby the 


pariuny sulfate supplie 
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Fig, 1. Average fecal eonsistenc? a 
for 14 a8 


enives fed experimental diets 
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to 20 em in thickness, the voltage was varied 
from 70 te 75 kv for the different-sized calves. 
The volume of ingesta in the abomasun) at dif- 
ferent periods was calculated from measure- 
nients on the radiographs, on the basis that the 
material approximated the shape of a prolate 
spheroid. 

At 17 days of age each calf was killed 6 hr 
after feeding, and determinations were made 
of the weight and pll of the contents in the 
rumen-reticulun, omasum-abomasum, and the 
anterior and the posterior parts of the small 
and large intestines. Representative samples 
from each segment were analyzed for dry 
matter, ash, protem nitrogen, and erude fat, 
using AOAC methods (Official Methods of 
Analysis, 8th ed.), except that aliquots for ash 
and crude fat analyses were taken after the 
samples were dried to a constant weight under 
vacuum at 60 C. 

In Trial IT, ealves were fed the experimental 


it diets until 24 days of age, to provide addi- 
R= tional time for possible adaptation to the high 
am mineral diets. Carmine was administered to 
ae these calves by mixing with the milk imme- 
ot diately before feeding on the second, cighth, 
Xe and fourteenth days of the experiment, to de- 
he termine the interval required for passage of 
sec the respective dicts through the digestive tract. 
16 Indigo carmine was used initially, but a change 


was made to carmine red because it was easier 
© see in the feees than was the other type. 

Since the daily fecal consisteney values rep- 
sented an average of all the ratings niade dur- 
each day, a normal distribution was as- 
ned, The analysis of variance for each trial 
lowed essentially that for a split plot in 
, Sec, 12.5 of Steel and Torrie (22), with 
es of variation of the main plot being 
iments and calves within treatments (Error 
ources of variation for the subplots were 
days times treatments, and days times 
within treatments (Error B). The mea 
for error for evaluating treatment-pe- 
eractions was the pooled value for ani- 
hin days (periods) by treatments, vet 
ves of freedom for determining sta- 
ignificance were that for a single 


RESULTS AND DISCUSSION 

T, the ealves fed diets with added 
id a higher over-all incidence of 
those fed diets without the added 
the calves fed added fat had less 
those fed diets without added 
heither these main effects nor 
of the two factors was Sta- 
rant (P > 0.05) for the entire 
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trial. On the second day of the experiment, 
when bariun sulfate was administered for the 
purpose of taking the first series of radio- 
graphs, there was a signifeant interaction 
(P < 0.005) of the two factors, with a high 
incidence of diarrhea in the group fed the 
basal diet plus added mincrals, but not in the 
group fed both added minerals and fat (Fig- 
ure 1). These results were interpreted as evi- 
dence that administration of barium sulfate at 
four days of age had an adverse effect on the 
calves fed the busal diet with added minerals, 
hut no immediate effect on calves fed the other 
diets, It is possible that the response of the 
calves in this trial was affected sufficiently by 
adiinistration of the barium sulfate to the 
calves at four and 11 days of age to account 
for a lack of complete agreement of results in 
the two trials reported herein. 

Tn Trial 11, there was also a higher over-all 
incidence of diarrhea in calves fed the diets 
containing added minerals than in those fed 
the other diets, whereas the calves fed diets 
with added fat had less diarrhea than those fed 
diets without added fat, The independent ef 
fects of both minerals and fat were statistically 
significant (P < 0.01), but neither the inter- 
action of these two factors nor the interaction 
of these factors with periods (days) was sta- 
tistieally significant (P > 0.05). The calves 
fed the basal dict plus added minerals had very 
severe diarrhea within one to two days after 
fecding of the experimental diets was begun, 
Equally severe, but less persistent, diarrhea 
was evident within five or six days in the group 
receiving the diet to which both minerals and 
fat had been added. Thus, the added fat did 
not prevent severe diarrhea in calves fed a 
highsnineral diet, although its duration was 
reduced. In a similar experiment, Owen et al. 
(17) observed that milk fat had an anti- 
diarrheic action when added to diets contain- 
ing added minerals; however, the latter workers 
used older calves (11 vs. three days of age} 
and an experimental design wherein the diets 
were tested during periods of only four days, 
with minimal three-day adjustment periods of 
whole milk feeding before subsequent test feed. 
ings. 

There was a general increase in the incidence 
of diarrhea within a few days after the trial 
began and a decrease toward the latter part 
of the trial (Figure 2). These differences 
among days on the experiment were statis- 
tically signifieant (P< 0.05) and indieative 
of a rather marked adaptation of the ealves 
to the diets following periods of severe diar 
rhea. Thus, in the absence of infection, the 
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Fig. 2. Average focal consistency ratings for 
calves fed experimental diets for 21 days. 


aphs of enlf at 11 days 


Fig. 3. Series of radiogr 
10° 


of age: A) position of calf for nmiaking t 
graphs; bp) immediate; ©) 30 ming ad) 
e) 9 hr; f) 12 br after feeding. 


calves exhibited a high tolerance for the di- 


arrheic diets. 

The addition of minerals to the diet appeared 
to accelerate, whereas added fat tended to 
delay, the rate of removal of jngesta from the 
abomasum (Table 1). The effects of hoth the 
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TABLE 1 
Removal of barium test dict from the abomasum of ealves as determined by radiographs at 
specified intervals after feeding 


Time required 
for removal 
of following 
pereentage of 
test diet 
from abo- 
miasunt 


Per cent of test 
diet remaining 
after following 
number of hours 


Feeal 


of test cn 
Diet Age dict rating" 0.5 3 y 12 50 75 
(days) (1b) (9 )- 
Basal NFMS 4 1.12 60 16 1 0 1.0 
Basal and fat 4 2.25 71 15 5 5) 12 
Basal and minerals 4 59 30 14 4 2 04 
Basal and fat and minerals + 1.62 61 10 4 = 0.8 
Basal NFNS li 5.00 41 10 2 0 O4 
Basal and fat 11 1.25 53 10 1 a 0.6 
Basal and minerals 11 3.70 26 11 1 1 038 
Basal and fat and minerals 11 6.00 62 19 6 2 1.0 


* Consistency rating on day radiographs 


added iinerals and fat on the per cent of 
initial contents remaining in the abomasum 
one-half hour after feeding were statistically 
significant (P< 0.05) at four days of age. 
Although the minerals and fat appeared to 
have a different effect when added in combina- 
tion than when added singly, this interaction 
was not statistically significant (P > 0.10). 
There was little relation between the diet and 
the per cent of initial contents estimated to he 
in the abomasum at the other intervals when 
radiographs were made. 

The addition of fat resulted in a sigmfieant 
decrease (P < 0.0L) in the rate of abomasal 
wacuation at 11 days of age. The added inin- 
tals consistently increased the rate of removal 
hen added singly, but appeared to have the 
sposite effect in some calves fed the diet with 
Hh nanerals and fat. The interaction of the 
_ factors was not statistically significant 
> .10), however, possibly because of the 
ively small number of calves involved. 
onelusive evidence was obtained regard- 
e relationship of the rate of abomasal 
ation to the fecal consistency ratings on 
Ws the calves were radiographed. A sta- 
significant (P< 0.05) correlation 
mt of —0.53 was found between the 
ings at four days of age and the per 
fest dicts remaining in the abomasum 
lf hour after feeding; however, 9 
Significant correlation of —0.03 was 
the number of hours required for 
E one-half of the ingesta was used 
lion of ahomasal evacuation, More- 
mparable correlation coefficients 
data pertaining to the calves at 


were taken. 


11 days of age were 0.17 and 0.29, respee- 
tively. These observations coincide with the 
results of other recent work (8, 16), wherein 
the prevention of curd formation in the ealf’s 
stomach by the addition of sodium citrate did 
not affect the growth or health of young dairy 
valves. 

Some of the barium sulfate passed into the 
stall intestine within a short time after feed- 
ing (Figure 3), and had traversed the di- 
gestive tract to the reetum of the ealves by the 
time the 9-hr radiographs were made, in most 
instances. These results agreed with the obser- 
vations of Benzie and Phillipson (4), that 
barium reached the large intestine of 4-wk-old 
ealves by 3.5 hr after feeding. In the present 
experiment, 136.5 hr (mean = standard 
deviation) was required for the earmine to 
pass through the tract and appear in the feces 
of calves having feeal consistency ratings from 
2.0 to 8.0, whereas it was not evident in the 
feces until 26 + 13.6 hr after feeding in calves 
with fecal consistency ratings of 1.0-2.0, Thus, 
it was concluded that the time required for 
carmine to appear in the feces did not give an 
accurate measure of the rate of passage of 
diets through the digestive tract of calves with 
normal fecal consistency. 

With the exception of one group of calves 
diseussed above, there was no evidence that the 
inieronized barium sulfate used in this study 
had any adverse effect on the calves, and it is 
certain that studies ean he made on calves at an 
earlier age, using a radiographic technique, 
than would he feasible by other techniques in- 
volying palpation via a rumen fistula. More- 
over, the determinations made of the time re- 
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quired for abomasel evacuation 
substantiate the results pbtained by other work- The hely of E. W. 
ers (7) 20) using @ palpation teehnigue. connection with certain phases of thi work is 
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RESPONSES OF DAIRY CALVES TO MILK REPLACER 
FED AT VARIOUS CONCENTRATIONS 
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SUMMARY 

This study wes undertaken to determine the effects of nutrient concentration 
on intake and growth by the calf. Thirty male Holstein calves 14 days old were 
divided among five treatments, consisting of ad jibitum feeding of a commercial 
milk replacer mixed with water to contain 5, 10, 15, 20, or 25% dry matter. 
Digestibility and nitrogen retention were determined following the growth trial. 

Fed intakes jnereased and dry matter intakes decreased as ary matter in the 
diet decreased. Calves fed the 15% diet gained faster, increased more in height 
at withers, had equal or better efficiencies of nutrient utilization and higher veal 
grades than calves fed other concentrations. Utilization of dry matter was re- 
duced markedly at higher concentrations. Dry matter and ernde protein digesti- 
pilities decreased with imereasing concentration. Intake of water per Se in- 
ereased with jnereasing concentration of dry matter, whereas total water 
decreased. 

Feed and dry matter intakes indicate that at the 5% dry matter concentration 
the physical capacity of the calves limited the amount of feed eaten. At the 
higher nutrient eoncentrations, the ealf attempts to limit its level of nutrient 
intake. 


te 


Factors affecting the feed intake of rumi- = during ad libitum feeding is primarily con: 
nants are diverse and difficult to measure. Ca- trolled by physical capacity, nutrient intake 
pacity of the tract and the rate of passage of would be in direct proportion to nutrient con- 
undigested material through the traet are two centration, but if calorie intake is the only 
factors that could Yanit the total amount of a controlling factor, then nutrient intake shoul 
feed eaten. Tlowever, when the concentration be similar over 2 wide range of concentrations: 
of nutrients In the feed is high enough to pre A preliminary report of this work appear 
elude a capacity limitation, does feed intake earlier (7)- 
decrease, Imererse, or remain constant with 
increasing nutrient concentration ? For simple 
stomached animals the evidence indicates that Thirty male Holstein calves at three days 
a constant ealori¢ intake is effected when ra- age were transferred from their dams to in 
tions of different calorie density are fed. Stud- vidual stalls in a conventional ealf barn. 
jes with rats qa, 4, 19) and dogs (3, 4) have calves were fed whole milk twice daily at 
shown that dilution of 2 ration elicits a nearly rate of 8% of body weight until seven days 
proportional inerease in total intake with only age and a milk replacer diet (139 dry mal 
slight modification of ealorie intake. Results at the same rate through the 14th day. 
obtained from either increasing the calorie calf was randomly assigned to one r) 
density of a dict (10) or intragastri¢ feeding dietary treatments, consisting of the anil 
(5) support observations from dilution studies. placer mixed with water to contain 5, 
This trial was undertaken to study the ef- 20, or 25% dry matter and being fed from 
fects of dietary nutrient, concentration and, through 56 days of age. To avoid a SU 
indirectly, gastrointestinal eapacity on the nu- change jn the dietary of each calf, the | 
trient intake of dairy calves. Tf consumption amount of dry matter fed on the 15th 
approximately equaled that for the L 
Received for publication March 27, 1963. Thereafter, the amount of dry matter 
or io1 
2 Contribution from the North Carolina Agrieul Os ee her a ee es ea 
tural Experiment Station, Raleigh, North Caro- refusal dail¥- 
lina, Published with the approval of the Direetor cated by & 10 to 15% re us 
of Research Ss Paper No. 1586 of the Journ:l placer was fed at approximately 100 F 
equal feedings at 6-hr intervals VI® 
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EXPERIMENTAL PROCEDURE 


Serics. 


RESPONSE OF CALVES 


pails, Drinking water was available at all 
times. The dry milk replacer was weighed to 
the nearest 0.01 Ib and the nuxed replacer and 
refusals to the nearest 0.1 Ib at each feeding. 

The ealves were weighed at three and seven 
days of age and at weekly intervals thereafter, 
all weights being reeorded at 8 am. Height at 
withers was recorded at seven and 14 days of 
age and at 2-wk intervals afterwards. Tnei- 
donce of scours wes recorded twice daily. The 
amount of water consunied in addition to that 
in the replacer was measured during the last 
week each calf was on trial. The dry replacer 
was sampled weekly and then composited by 
jots for analyses. Four different lots of re- 
placer were used and had an average percentage 
composition of 95.92 dry matter, 7.93 ash, 
28.10 ernde protein, 10.10 ether extract, 0. 73 
eude fiber, and 49.06 nitrogen-free extract. 
Since ad libitum intake was not attained until 
the second week of the comparison period, data 
from 29-56 days only were used for feed in- 
take and growth comparisons, 

Following the growth study, each ealf was 
transferred to a digestion crate for a four-day 
urine and fecal collection to determine dry 
matter and crude protein digestibilities and 
nitrogen retention. After the digestion trial, 
each calf was slaughtered and dressed carcass 
weight and carcass grade determined. 


Average daily feed and water * 
incidence of scouring 


TO MILK REPLACER TW 


RESULTS 


Mean values for the various intake data, to- 
gether with the significance of the trend analy- 
ses, are given in Table 1. 

As the concentration of dry matter increased, 
the consumption of liquid milk replacer de- 
clined at a deereasing rate. This relationship 
was also evident when the as-fed intakes were 
caleulated per 100 1b of liveweight. 

The patterns of intakes of dry matter and 
of dry matter per 100 Ib of liveweight were 
similar. The lower dry matter mtakes at the 
lower concentrations of replicer suggest that 
the physical capacity of the gastrointestinal 
tract limited nutrient intake. The relatively 
large difference between the dry matter intakes 
for calves fed the 15, 20, and 25% diets and 
the intakes of calves fed the 5 and 10% con- 
centrations emphasizes the rele of physical 
capacity. 

The mean animal response data and efficieney 
of feed utilization are given in Table 1, Trends 
for increase in height and for average daily 
gain have a definite curvilinear pattern. As 
the concentration of milk replacer increased, 
growth, as measured by inereased height and 
weight, also increased until the dry matter 
concentration reached 15%. The relative re- 
sponses at the lower concentrations are to be 
expected from the relative nutrient intakes on 


TABLE 1 


intakes, growth responses, dry matter utilization, and 


(29-56 days of age) 


As fed (ib) 

As fed per 100 Ib 
live weight (1b) 38.0 23.6 18.5 

ag matter (lb) 3.06 4,02 4,60 


59.4 39.2 29.8 


live weight (1b) 1,96 2.42 2.86 
Average daily intake of 
water, per se (tb) 0.9 3.4 5.1 
Vv erage daily total 
57.2 37.6 29.3 


Stand Significance 
ard of trends 
Per cent dry matter in replacer error = —— — 
ofa Quad- 
Criterion 5 10 15 20 25 mean Linear ratie 
Average daily intake ({P <)— 


23.2 19.4 2.97 0.001 0.05 


14.2 12.5 1.34 0.001 0.001 
4.79 4,90 0.29 0.001 01 


2.92 3.16 0,12 0,001 0.1 
8.4 11.6 2,28 0.0L Ns? 
23.9 22.6 3.54 9.001 0.05 


ier wie were measured from 50-56 
Nonsignificant. . 


2.21 2.08 NS 0.05 

1.85 196 NS 0,05 

2.82 2.83 0.01 NS 

6.2 5.8 1.92 0.05 NS 
days only. 
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these treatments. At the higher concentrations, 
even though the nutrient intakes were slightly 
higher than for calves ted the 15% eoncentra- 
tion, growth was somewhat less. This poorer 
growth response can only be explained by a 
reduced utilization of ingested nutrients, Jano 
witz and Jfollander (5) and Share et al. (9) 
noted that when more than 100% of the control 
intake in dogs was fed intragastrieally, the 
hody weight gain of these dogs was much less 
than expected. 

The increasing amount of dry matter re= 
quired per pound of gam as concentration of 
dry matter increased verifies reduced utiliza- 
tion as a cause of the poorer growth response 
of calves fed the 20 and 25% ary matter con- 
and 15% 


eontrations. The calves 
levels had very similar efficiencies, 
more favorable than those for calves fed the 
20 and 25% levels. 

The occurrence of moderate or severe scour- 
the growth trial (Table 1) appears 
partial explanation for the ineffi- 
calves fed the 20) and 25% cone 
centrations, since they had the greatest inei- 
dence. However the calves fed the 15% level 
of dry matter pad only one day less with scours 
and yet they also had an_ average efficiency 
similar to the calves with the lowest incidence 
of scouring. 

The mean intakes for water drunk free choice 
and total water intake during the last week on 
trial are presented in Table 1. The trend for 
daily intake of water, per Se, WAS linear, with 
the amount of water imbibed increasing as the 
concentration of dry matter in the milk re- 


ing during 
to offer 8 
ciency of the 


placer increased. The total water intake de- 
creased a8 nutrient voncentration increased, 


put tended to level off at the higher dry matter 
concentrations. The dry matter intakes e@X- 
pressed as a percentage of the total water for 
this period were 3.4, 10.5, 15.2, 17.9, and 18.5. 
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Although these concentrations are somewhat 
different, except for the lowest yalues, they are 


ange expected for ruminants (il) and 


in the 
the observed 


would prohably not necount for 
differences in effideney of feed utilization. 

Data from the digestion and balance trial 
(Table 2) show that dry matter digestibility 
had a negatively as 
nutrient concentration increased, but appeared 
to level off at the higher concentrations. 

Crude protein digestibility follawed the same 
trend, with yalues for the three higher concen- 
trations being similar but all lower than those 
for the two Jowest concentrations. Nitrogen 
retention Was highly variable and showed no 
definite pattern. 

The mean digestibility pereentages for the 
appropriate concentrations were applied to the 
individual intakes in the growth trial to give 
estimates of digi ible dry matter intake (Ta- 
ble 3). These values were curvilinear with 
respect to eoncentration, as was the trend in 
gross dy matter intakes. Utilization of this 
digestible dry matter followed a pattern similar 
to that for total dry matter, with the pounds 
of digestible dry matter required for @ pound 
of gain decreasing 86 nutrient concentration 
inereased to the 15% level, then increasing for 
the two highest levels. 

The average pounds of TDN required per 
pound of gain (Table 3) showed & positive 
curvilinear trend very much like that for di- 
gestible dry matter utilization. The efficiency: 


linear trend, deereasing 


gs 
of TDN utilization decreased as dry matte 
concentration in the ration increased, but lev: 


eled off at the 20 and 25% concentrations. 

Careass grades (Table 3) show a trend sim 
lar to average daily gain, with the ealves fe 
the 10 and 15% eoncentrations having # 
highest average grades. This is also jn li 
with feed efficiency. 


TABLE 2 
Pry matter digestibility, erude protein digestibility, and nitrogen retention 
Stand Significance 
ard of trends 
Per cent dry matter in replacer error 

: ——— pi ae ofa Quad 
Criterion 5 10 15 20 25 mean Linear ratie 
Dry matter (? One 

digestibility (Go) 85.5 gee 794 785 9.1 2.37 0.05 NS 
Crude protein . 

digestibility (%/ 74.6 69.5 G05 ge 628 4.04 0.05 NS 

Nitrogen retention ° 
209 17 286 30.2 4.62 — 


(g/day) 


*Nonsignifies nt. 
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TABLE 3 
Pigestible dry matter intake and utilization, TDN utilization (29-56 days), and ¢areass grades 


Table 15.1, p. 478.) 


68, 
© Nonsignificant. 


DISCUSSION 


BY 
q The inercased intake volumes of the calves 
E> fed the 5 and 10% dry matter concentrations 
T show that as nutrient concentration is reduced 
ls the calf tries to compensate by eating a greater 
id yolune. The rapid leveling off of the dry mat 
Ww ter intakes at the higher concentrations, viz., 
oe the 15, 20, and 25% levels, also supports the 
view that nutrient (calorie) density is a factor 
ver influencing feed intake. These results are simi- 


lar to observations on rats (1, 4, 10) and dogs 
{3). 
The slight increase in dry matter intake per 
100 Ib liveweight as concentration of dry mat 
im the ration increased from 15 to 25% 
dicatvs that fill (distention of the gastroin 
stinal tract) may partially regulate nutrient 
lake. If fill were the only factor regulating 
ake within this range, however, the as-fed 
kes per 100 1b liveweight would have been 
ame. Therefore, it seems that there is an 
action between a desire for a certain fill 
the physiological desire for a certain 
¢ intake. 
fact that the calves fed the 20 and 25% 
itter concentrations had higher dry mat- 
akes, yet did not match the growth of 
fed the 15% concentration (result- 
x e villues for TDN/Ib of gain), 
It to explain. Based on fecal collection 
ays of age, it cannot be conipletely 
for by normal fecal loss or incidence 
g, but might possihly be similar to a 
monoted hy Reid (8) and MeCly- 
Bypnection with acetate metabo- 
sof acetate led to oxida- 
Be cnerey losses, 


> Dressed carcasses were scored on the following scheme: 


Stund- Signifleance 
ard of trends 
Per cent dry matter in replacer errer 
ofa Qui 
Criterion 5 Ww 15 >() 25 mean Linear 
tible dry matter —(P <) 
e (lb) 2263; 8.37 3.738 3M) 82 LL epts 0.001 0.05 
Digestible dry matter per 
pound of gain (1b) 1.76 1.61 1,55 eeu) 220) 0.22 th 0.05 
TDN per pound of 
of gain“ (1b) 0.70 0.90 1.07 1.61 1.58 0.16 0.001 0.05 
Car grade" 4.0 5.6 6.2 4.6 5.2 0.54 NSs° 0.1 
*Caleulated after deducting maintenance requirements according to Brody (2). (See 


cull, 0-2; utility, 3-5; standard, 


Whether the results ot! this study can be ap- 
plied to ruminants is indeed a nebulous ques- 
tion, but may be worth askimg. Although the 
calves were not ruminants, there were indica- 


tions (eg., cud chewing) that they were in 
the transition stage of becoming ruminants. 


It might then be supposed that their physiolog- 
ical satiety mechanism would be similar to that 
for adult ruminants, Also, the apparent ditfer- 
ence between the rations fed the calves and 
normal rations for adult ruminants may be 
only superficial, since a high concentrate ration 
has some similar to the milk replacer fed 
at the higher concentrations and the lower con- 
centrations might be compared with lush pas- 
ture. Consideration of these ideas makes it 
seem possible that ruminants, as well as non- 
ruminants, strive to attain a certain caloric 
intake on low-energy diets and become satiated 
before limitations of fill occur on high-energy 
diets. 
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zine for 8 wk. As indicated hy weight 


activity, and elinieal examination, calves 


for normal performance to nine months 


Severe zine deficiency syniptoms developed by 
12 wk of age in Holstein bull calves fed a 
purified dict containing 3.6 ppm zine (8). 
These deficient animals responded very quickly 
to supplemental dietary zinc (8). Tn another 
study, calves fed a practical diet containing 25 
ppm zine performed as well for 15 wk as those 
fed the same diet supplemented with zine (9). 
Thus, it appeared that the zine requirement for 
normal growth of calves was well above 3.6 
ppm, but not substantially above 25 ppm. 

Tt was suggested that a period much longer 
than 15 wk, a depletion phase, and a basal diet 
ppreciably lower than 25 ppm zine wight be 
seful in further delineating the zine require- 
ent of cattle (9). The dict containing 3.6 
m zine which was used to develop and study 
e deficiency in ealves (7, 8) was very ex- 
nsive. Thus, it was reasoned that fornmula- 
of a ration which is relatively inexpensive, 
cient in zine, and which gives good  per- 
ance when supplemented with zine would 
very helpful in zine nutrition researeh. 
analyses of various ingredients (10) and 
ainary growth tests with calves a semi- 


containing 8.6 ppm zine. This ration 
od performance when fed to ealves. 
urpose of this study was to further 
ie zinc requirement of calves and espe- 
determine whether the amount needed 
@ or below the level of zine in the 
mipractical basal ration (zine con- 
ppm). 
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eal, reasonably economical diet was for- " 


ZING REQUIREMENT OF HOLSTEIN BULL CALVES TO 


S OF AGE? 
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ARY 
Fifteen Holstein bull calves were fed a semipractieal type diet containing 

8.6 ppm of zine on an as-fed basis until 29 wk of age. Following this depletion 

phase, they were fed the same basal dict with the addition of various levels of 


gains, feed consumption, testicle size 


and weight, testicle zine content, blood zine content, blood carbonic anhydrase 


fed the basal ration performed as well 


as those fed supplemental zinc. Tt was coneluded that, under the conditions of 
this experiment, calves do not require more than 8.6 ppm of zine in their diet 


of age. 


eS 


EXPERIMENTAL PROCEDURE 

Fifteen Holstein bull calves were utilized in 
an experiment which consisted of a depletion 
phase (3rd—29th wk of age) and a treatment 
period of 8 wk duration immediately following 
the depletion phase. Throughout the study 
special care was taken to make sure that the 
animals did not obtain zine from extraneous 
sourees. 

The calves were given 7 lb of whole milk per 
day until 39 days of age. From the 3rd through 
the 29th wk of age they were fed, ad libitun, 
a basal ration especially formulated to contain 
a low level of zine, This diet contained 8.6 ppm 
vine on an as-fed basis and had the following 
percentage composition: dried beet pulp, 90.2; 
glacose monohydrate close), 5.0; urea feed 
mixture (42% N), 1.5; dicaleium phosphate 
(food grade, anhydrous dibasie caleium: phos- 
phate), 2.0; sodium chloride, 1.0; sodium sul- 
fate, 0 and the following in granis per 
100 lb: vitamin A mixture, (250,000 IU/g), 
2.0; vitamin D, (200,000 IU/g), 1.0; oxytetra- 
eycline HCl (Terramyein HCl), 5.0; oleando 
mycin (25%), 2.0; Mn§0,-11.0, 3.2; Fe, 
(SO,)s°nH,0 [78.5% Fe(SO.)s by assay], 
2.0; CuSO,-5 H,0, 0.02; and KI, 0.05. On a 
dry matter basis, the diet had the following 
composition: erude protein, 13.0%; caleium 
1.24%; phosphorus, 0.40%; and zine, 9.6 ppm. 

At the beginning of their 30th wk of age 
the animals were randomly assigned to one of 
four experimental rations which were fed ad 
libitum for § wk. The basal diet was used as 
a control. The others were identical except for 
the addition of; a) 0.56 g ZnO (10 ppm zinc). 
b) 1.69 g ZnO (30 ppm), and c) 3.94 g ZnO 
(70 ppm) per 100 Ib of feed. To more effec- 
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sat frequent intervals for any indication of ab- 
normahties. When the last phase was com 
pleted the bulls were castrated and the testicles 
A to a kidney shape and weighed. They 
bags until analyzed. 


ent eresswise, the 


whether the zine requirement 
the level of the basal diet, 
animals was placed on this 


valves were randomly trimmec 
were then frozen in plastic 


tively determine 
vag above or below 
a larger nomber of 
atment. Thus, five 
assigned to the pasal diet, three cach to the 
yations containing the intermediate levels of The 
vine and four to the one eontaining 7 ppm aral layer and the tunica albuginea Te 
of added zine. moved, and cress sections of the remaining 
In previous research it wa analyzed for dvy matter, nine (21), 
deficient calves consumed less feed, gained Jess Dry matter content Was deter- 
weight, had lower hood zine and eathbonic an mined by drying jn an oven at 75 © for one 
hydrase activity and had appreciably smaller day followed by 95 C until dry. Protein was 
testicles (8). They developed severe skin le- determined by using N (Kjeldahl) times 6.25, 
sions and various other characteristic abnor- 
malities recognizable by nical examination RESULTS ANP DISCUSSION 
(8). These measures were chosen as indicators Clinical examinations did not reveal any 
of whether the zine mutrition was adequate for indication of a zine deficiency in any of the 
formMAanee of the animals. Because calves during the study, In the previous studies 
of a 2ine deficiency on te ide in which zine deficiencies were produced each 
development (6) and the & of obtaining calf exhibited many ekin and mouth lesions 48 
| samples, a CFOs section of the testicles was well as an unthrifty appearance; stiff joints, 
| chosen as an indicator of the effect of the and other abnormalities (7, 8)- 
treatments on ine content in tissues. The data on growth and feed consumption 
Body weights were taken every 2 wk with are presented in Table 1- There were NO sig- 
three-day weights being collected at the he nificant differences in weight gain and feed 
ginning and end of the depletion and treatinent consumption petween calves fed the control 
phases. Blood samples We » combined for the — diet and those fed supplemental zine. 
second and fourth, rol diet gained O21 


14th and 46th, 27th and fed the cont 
2oth, and the 35th and 37th wk of age for each — than the average of all the others during the 
animal, These were frozen until analyzed for 27-wk depletion period and 0.25 tb per day 
zine and carbonic anhydrase activity by pre more during the $-wk treatment period, Cer. 
evdures previously d (12, 13, 21). All tainly, there would be no reason for supple 
samples were analyzed at least twice, to reduce mental zine to have @ detrimental effect at th 
the error due to doterminational variability in Jevels used. On the other hand, the fact th 
these measures. Peed sanples were taken at the averages were higher for those fed the w 
a analyzed for zine (21). supplemented diet strongly supports the id 
‘At the end of each of the phases of the study that even with a much Jarger number of @ 
the testicles were measured 8S deseribed pre- imals there 1s very little probability that 
viously (8)- Clinical examinations were made supplemented groups would have gained 


frozen testicles, were 


s shown that gine: tissues 
and protein. 


normal per 
| of the influence 


4 


TABLE 1 
weight gains and feed consumption of Holstein pulls fed a Jow-zine diet from 3-20 wk of age 
aud the sane aiet supplemented with various levels of Zine from 30-37 wk 
Depletion period Supplemental period 30-37 wk 
3-20 wk — ———— 
SE Feed Feed 
Feed cou 
No. cone Zine Wt sump- 
ani- Zine Wt sump- it diet gain tion 
Group mals in dict gain tion (netual 
(ppm) (tpl catf/dey) (ppm) - 
1 5 8.6 6. 8.4 2.57 
py; 3 8.6 5.6 18.4 2.34 
3 3 8.6 54 38.1 eli 
4 + 8.6 6.6 78.6 943 
Avg of groups . 
2,3, and 4 8.6 1.60 6.0 232 
s.* 920 07 028° 
e between Group 1 and Groups 2,3, 


Sa—Standard error of mean difference 


nifieantly faster. In view of the very drastic 
effect. which a zine deficiency had on growth 
and feed consumption in the previous work 
(7, 8), It is reasonable to conelude that the level 
cof zine not a limiting factor in the growth 
of the animals in this experiment. 

Average daily gains durmg the depletion and 
supplemental periods were approximately $2 
and 112% of Beltsville growth standards for 
Holstein bulls of comparable ages (5). There- 
fore, it appears that the basal diet was capable 
of supporting approximately normal growth 
with perhaps moderate improvements to be de- 
sired, especially during the first few months of 
life. 

There was a very low correlation (r= 0.11) 
between the growth of the animals during the 
depletion phase and that during the supple- 
mental period, Also, the within treatnient re- 
gression coefficient of 0.16 Ib of gain increase 
during the supplemental period for each 1 lb 
giditional gain in the supplemental period was 
quite low. Thus, the use of gain during the 
first period as a covariate did not improve the 
efficiency of measuring gain in the later period, 
In contrast, the correlation between fecd con 
sumption during the two periods was 0.73 
(P < 0.01), On a within treatment basis, feed 
consumption during the second phase inereased 
1.13 lb for each pound increase of the corre: 
sponding value during the first phase. These 
data are reflected in a lower standard error 
‘or the adjusted feed consumption than for 
@ unadjusted values. Thus, use of the co- 
ariate improved the efficiency of measuring 
ced consumption. 

There were no significant differences in blood 
@ content or carbonie anhydrase activity 
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~ 


between calves fed the basal diet and those 
given supplemental zine. (‘Table 2), The within 
treatment correlation between blood zine nt the 
end of the depletion phase and the same meas 
ure at the end of the supplemental period was 
quite low (r= 0.14), Thus, use of the data 
trom the depletion phase as a covariate did 
not materially improve the precision with which 
treatnient effects could be measured. The cor- 
relation cocfticient between earbonic anhydrase 
activity. determined for the same two periods 
was 0.55 (P< 0.05). The eorresponding re- 
gression cocfficient was 0.30. 

The within treatuient and periods correlation 
between whole blood zine and earbonic anhy- 
drase activity was 0.54 (P< 001), Assuming 
blood zine to be the independent variable, the 
regression coefficient indicated that bonic 
anhydrase activity increased 154 units for each 
1 ppm increase in blood zine, Averaging the 
data for each calf for the three measurement 
tines during the depletion period before calea- 
lating the correlation between blood zinc and 
carbonic anhydrase activity resulted in a eo- 
efficient of 0.70 (P< 0.01). Tt is well estab- 
lished that zine is an essential constituent of 
carbonic anhydrase (19). In a study in which 
some ealves were zine-deficient and others nor- 
mal the simple correlation between blood zine 
and carhonie anhydrase activity was 0.80 (8). 
However, a consistently high correlation has 
not been observed between these two constitu- 
ents of the blood in other species (19, 20). 
Our knowledge of the factors which affect the 
zine content in the blood of cattle is very seant. 
y interesting that the earbonie anhy- 
much higher for all animals than 
values observed previously in our laboratory 
by the same procedure (8), The only known 


TABLE 2 


Blood zine and carbonic anhydrase activity of Telst 
of age and the same diet supplemented with various levels of zinc from 3 


n bulls fed a low-zine diet from 3-29 wk 
“37 wk 


Blood zine 


Carbonie anhydrase activity 


Treatment Treatment 
period period 

Depletion period Wk 35.37 Depletion period Wk 35-37 

Wk Wk Wk Ac- Ad- Wk Wk Wk Ac Ad- 
24 14-16 27-29 tual justed 24 14-16 2729 tual justed 

(ppm }. : (enzyme units! mt)— 

2.42 2.51 2.41 2.06 902 874 895 810 798 

2.16 2.38 2.26 1.91 1,003 785 975 743 715 

2.75 2.18 214 2.40 1,018 849 805 698 704 

2.44 2.24 2.13 ers 974 673 683 743 774 

2.45 2.26 2.16 O86 759 807 729 735 

0.31 _lo2 48 Ad 


tandard error of mean difference between Group 1 and Groups 2, 3, and 4 combined, 
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that might aceount for this is the 
change in ration. 

The level of zine in the diet had no significant 
effect on the size of the testicles as measured 
by the greatest diameter X the length (Table 
3). The within treatment eorrelation between 
measurements taken at the end of the deple- 
tion period and at the end of the treatment 
phase was 0.67 (P < 0.05). The within treat- 
mient regression indicated that for each increase 
jn this measurement of 1 in, at the end of the 
depletion phase the diameter X length was 
0.80 in, larger at the end of the treatment 
phase. The corresponding over-all regression 
was 0.79. These measures indicate that using 
the measurements at the end of the depletion 
phase 28 covariate inereased the precision with 
which treatment effect on testicle size could be 
measured. None of the diets had any significant 
influence on the weight of the testicles at the 
end of the experiment. The amount of zine in 
the testicles was not affected by the addition of 
zine to the diet (Table 3). In an earlicy study 
jt was shown that all the tissues analyzed were 
lower in zine-deficient than in normal ealves 
(8). Since the testicles are one of the tissues 
which appears to be most drastically affected 
by zine deficieney it seemed reasonable to use 
jt as an indieator of any changes which might 
have oceurred in animals fed the diets with 
and without supplemental zine. In rats zine 
deficiency produced atrophy of the testes and 
a reduction of zine content (6). The authors 
are not aware of previous studies in which the 
zine content of hovine testicles has been studied. 

Vallee has suggested that expressing zine 


TABLE 3 


Testicle measurements and chemical composition 
3-29 wk of age and the same dict supplemented 
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content on a Zine nitrogen basis is @ more de- 
sirable basis of comparison for relating com 
position to function, beeause this metal is usu 
ally associated with protein (20). Thus, the 
zine content of testicles is expressed on & fresh 
basis, a dry basis, and a protein (NX 6.25) 
basis (Table 3). The dry matter and protein 
were not affected by the supplemental vane. 
The average zine values are very close for the 
various groups of animals, regardless of the 
method of expression. The coefiicients of varia- 
tion were quite low for all of the different 
analyses on the testicles, reflecting good preci- 
sion in the analyses and low animal varnibility, 

When all of the data are considered together 
it seems reasonable to conclude that the 8.6 
ppm of zine in the basal dict on an as-fed basis 
was adequate for normal performance of the 
pulls to nine months of age. This level of zine 
is much lower than the amounts shown to be 
necessary for swine (15, 17) or chicks (22). 
It appears that the requirement of the rat is 
relatively low (19). In one or more of these 
monogastric animals several factors have been 
shown to influence the zine requirement inelud- 
ing: souree of protein (3, 16, 92); level of 
phytic acid (11); level of calcium, (2) at leas 
in the presence of phytic acid (11); the addi 
tion of EDTA (1); the level of copper (14) 
and supplemental cadmium (18). Whether 
these and other factors affect the amount 01 
zine needed by ruminants has not been dete 
mined. 

‘A. zine deficiency has 
under grazing conditions (4). 
age analyzed contained from 18 to 


been reported in cattl 
Samples of fo! 
42 ppm ai 


fod a low-zine diet from 
gine from 30-37 wk 


* of Holstein bulls 
with various levels of 


Pro- 
tein 
Greatest diameter Testicle eon- Zine content 
Sength wt fresh Dry tent 
(castration) mat- Dry Dry 
29 wk 37 wk 37-wk ter mat- mat- Pro- 
con- ter Fresh ter tein 
Group Left Right Left Right Left Right tent basis basis basis pasis 
(inches) (9) (%) (ppm) 
1 goe 5a er2.” 69 4273 «127.6 012.5 76.0 106 = 84.9 111.6 
2 37 OSC 8B 97.0 98.6 13,7 763 116 84.7 Wit 
3 4.5 42 6.2 6.0 98.5 99.9 13.0 WA 113 86.8 112.6 
4 5.5 5.9 8.4 8.2 125.1 122.9 12.9 754 11.0 85.7 113.3 
Avge 
2,3, 
and 
4 3 5.3 79 wa 108.0 107.9 13.2 76.2 113 85.6 112 
80 0.85 i 15.0. 048 19 044 27 2. 


* Cross section of testicle without the visceral layer and 
difference between Group | 


>g, = Standard error of mean 


the tuniea albuginea. 


and Groups 2, 3, ‘and 4 combi 


ZINC 


on a dry basis (4). The method of analyses 
was not given and samples may or may not 
have been a good reflection of the material 
eaten by the small percentage of the aninials 
which developed a deficiency. However, con- 
sideration of these data in relation to the study 
herein reported suggests that factors other than 
level of zine in the forage may have contributed 
to the development of their deficiency (4). 
‘Thus, it is apparent that additional studies are 
needed on zine nutrition in ruminants. 
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SUMMARY 
Thirty-two Holstem females were utintained from three to four months of 
age until 7.5 vr of age on diets containing four levels of fluorine, two levels of 
concentrate, and two levels of 8 calerum-phosphorus mineral, 

Statistically, only the eoncentrate level treatment affected milk production 
and then only m the first lactation. Combined lactation, histological, patholog- 
ieal, and other data, however, indicate 2 reduced unlk production on 109 ppm F 
treatment in the third and fourth lactation and possibly in the second, The 35 
ppm treatment appeared to adversely affect milk preduction in the fourth lacta 
tion. Cows on the higher concentrate treatment tended toward higher milk 
production than did those on the lower level. Mineral treatment did not affect 
lactation when missing values were not caleulated. 

Efficiency of 1: tation was not affected by F intake, althon 
trate and 1% iineral treatments induced more efficient. pre 
lower concentrate and 396 mineral treatnients. 

Al milk residues of F were within safe levels for consumption, although 
residues increased with increased dietary F. 

Based on this study, the tolerance of F for lactation in da 
T5-yr period is Jess than 55 ppm on a dry hay pasis or Jess than 49 ppm on a 


total dry diet basis. 
_ 


gh higher concen- 
rduction than the 


iry cows over a 


evere to interfere with mastication 
feed consumption may follo 
ea drop in milk pr 
animal when the fi 


. ingested is, therefore, an important fa 


of fluoride sufficiently 5 
heen shown a reduction in 
which, in tum, may caus 
duction. The age of, the 


excessive amounts 


Ingestion of 
eriod of time has 


over a sufficient Pp 
to have an adverse effect. on animals (1, 3-8, 
10, 11-23). Some of these effects such as tooth 


lesions and periosteal hyperostosis are direct; 
others, such as reduced milk production, may tor, Most studies on milk production ha’ 


result from such a factor as reduced feed con- involved cows placed on elevated fluorine levi 
sumption and would be elagsed as indirect, at milking age, after many of the perman 
Both types of effects have been observed in teeth have already formed and some hal 
studies with dairy cows (10-13, 15-23). erupted. Dental lesions and any yelated im 

Tooth structure is affected only during the — ences are less severe for such animals than 
formative period of the teeth. If effects are — those exposed to similar intakes during # 
entire growth period. 

Since dairy animals exposed to 
fluorides ally exposed nt early ag 
naturally well as during their productive life, & 
conducted to observe the effects of 


ride 


indus! 


ation February 28, 1963, 
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Added fluorine in the form of sodium fluoride. 3 «and growth 
spublished with the approval of the Director veported on feed constmmption we on e., 
of the Utah Agricultural Experiment Station 2s report 1s concerned with the effects 
Journal paper No. 319. This researeh was SUp)> 
ed in part by a grants aid from Columbia- EXPERIMENTAL 
Division, United States Steel Corporation, 7 
. Details of th 


* Fluorine, extremely 


only as the 


production. 


port 
Geneva 
Provo, Utah. 
SGurrent — address: 
ADP-ARS, Logan, Vtah. 


in a_previons 


) Veterinarian, 
only briefly 


Rese: 
cribed here. 


720 


EFFECTS OF FLUORINE ON DAIRY CATTLE, 


Thirty-two Holstein dairy females, with an 
average weight of 105 kg (three to four mouths 
ut age), were divided into two replications 
based on body weight and were assigned at 
random within replication to 16 treatments, &s 
shown in Table 1. 

The trial started on April 16, 1952, and 
continued until July 1, 1959, Animals were 
snevificed ina random manner from July 2, 
1959, to September 3, 19° Other than im- 
posed experimental treatments, all animals had 
equal opportunity to freshen regularly and to 
produce for an equal period of time, Varia- 
tions are expressions of individual vy nations 
and experimental treatment. effeets, Analyses 
of variance and covariance were enployed to 
nid in detecting treatuient effects, 

Fluorine levels were planned to compare 
effects of intake of normal hay and hay con- 
taining fluorine residues of 25, 40, and 100 ppm 
ona dry basis, Average levels on a hay basis 
as determined by chemical analyses for the 
four treatments were 10, 28, 55, and 109 ppm, 
respectively, and these values will be used in 
referring to the four treatments, 

A Ga-P inineral was fed as 1 and 3% of the 
concentrate mix, to determine the influence of 
such minerals on fluorosis syniptoms in dairy 
ferneles, Defluorinated phosphate was fed from 
April 16, 1952 (start of the trial) until March 
30, 1954, and steamed hone meal from March 
$1, 1954, until the end of the experinient, 

Two levels of the concentrate mix were fed. 
Dwing nonlactating periods one group (lower) 
was fed 2 Ib daily and the other (higher) 4 lb 


Ca-P 10 
mineral 


Concentrate in concen 


nix trate mix iz 
(Ye) - 
Lower 1 
3 
1 
_ Tighter 3 


q 
One heifer was 


ne heifer was sa 


* Forty-five days after trial started one heifer developed actinobacillo 


ent. She developed a large spinal absce 
@, that resulted i! paralysis of the hind limbs, 
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daily (19). During lactation, the lngher group 
received } lb of grain daily for each pound of 
milk fat produced weekly. The lower group 
received 0.75 Ih of grain daily for each pound 
of milk fat produced weekly, All animals were 
fed individually. 

Milk production was record: l, starting on 
the third day following parturition, and cows 
were milked until about 6 wk before the nest 
caleulated calving date, Cows were dried off 
when daily milk production dropped to less 
than 5 Ib, however, even though this oceurred 
hefore the date they were due dry. 

Milk samples were taken for fluorine analy- 
sis during each lactation, 60 to 90 days after 
parturition, Fluorme was determined by a 
perehlorie acid distillation following the pro- 
cedure of Willard and Winter (24) and eon- 
centrating the fluorine on an ion exchange 
resin (9). Milk was weighed after each milk- 
ing and analyzed for milk fat (2) twice 
wionthly. Milk and fat were converted to a 
4% tat-corrected milk (FCM) standard ac- 
cording to the formula FCM = (0.4) (Ib milk) 
+ (15) (Ib milk fat), A faetor of efficiency 
was calculated as: 

g FCM produced 
100 keal digestible energy consumed 


RESULTS AND DISCUSSION 
Summaries of laectations are presented im 
Tables 2 and 3. Production was equated to 
4% fat-corrected-milk (FCM) for total lacta- 
tion periods and average daily production. For 
the first four lactations, missing values were 


TABLE 1 


Experimental treatments 


Fluorine level (ppm) 


Based on avg hay plus F added 
Ds 


28 35 109 
Based on dry nutter 

OF: Ba 93 
—(No. of animais)—— — 

2 2 2 

ms 2 3 

2 Z a 

2 oe 


is ard was replaced 


t crificed on January 10, 1956, after about 3 years 9 mionths on the 
arent. She was severely lame in both fore linths and the right hind limb and was unable 


One heifer was sacrificed on March 3, 1954, after almiost 1 year 11 months on the experi- 
WenUse i respons! cise of edometritis. 


, after about 4 years + months on the 
between the sixth and seventh thoracic 
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TABLE 2 


x total Tactal 


£ first fou 
from 


levels of fluorine 
about 


Lactation summaries (FCM) 0 
Holstein females fed four 


Fworine Jevel (ppm 


10 28 55 109 
Milk Milk Milk Milk 
Lacta - - 
tion Total Daily Total Daily Total Daily Total Daily 
(no.) (days) (Ro) (keg) (days) (Ko) (eq) (days) (ko) (kg) (days) (kg) (ka) 
1 337 4,200 42.4 302 3,463 11.3 328 8,752. 3207 2,796" 11.8* 
2 353 4,806 13.8 307 4,049 43.2 383 2,678 334 4,187* 12.6" 
3 352 5,192 14.6 304 3,887 2.6 321 4,604 2 3,664* 11.8* 
4 330 04,798 414.5 327 4,706 w4 2 + 3,607" ze 3,808* 12.2 
Avg 348 4,762 43.8 310 4,026 y2.9 822" 3,910" 5 3,864" 12.2* 
Total 
all 
Jae 1,657 23,595 44.2 1,611 2,190 13.6 1,490 49,835 13.0 1,096 14,148 wa 
tations” 2 14.2 13.6 12.9 
* Missing values jneluded in ealculation. 
«Missing values not calculated. 
> Ineludes jJactations beyond fourth and does not include any enleulated missing values. 
Totals and averages: jnelude only saver cows for 109 ppm treatment. Cow 21 with obstruction 
im all four quarters not considered in treatment effect on this basis. The daily averages ATC 
averages of in ividual cow averages except those on the hottom line of the table, whieh were 
obtained by dividing total production ‘py total days in milk. 
TABLE 3 


summaries (FCM) of first four 
Jes fed two Jevels of a concentr: 
to four months © 


Lactation 


fema 
f age to ab 


{otal lactations 4 
ate mix and two 


of all lacta' 


tions and total 
onths of age 


three to four ™m 


7.5 yr of age 
) based on hay intake 


al of all lact 


nd tot 
-P miners 


levels of a Ca 
5 yr of age 


Ca-P mineral level 


out 7 


ations of Holstein 


tions of 
40 


1 from three 


Coneentrate Jevel 
Lower Nigher 1% 3% 
Milk Milk Milk Milk 
Lacta - 
tion Total Daily potal Daily Total Daily Total 
{no.) (days) (kq) (ka) (days) ika) (kg) (days) (ka) (kg) (days) (kg) 
Bi gig 3,488 qt 328" 4,122* 312° 1 329 3,716 3 
2 326 3,942 q2.2 341" 4,448* 324" 344 3,952 117° 
3 : 3,821° 12. i 4,841* ; e 4,073* 12.7" 
4 c 4,099" 12:82 y 4,358° J e 4,371* 14.0" 
Avg 319" 3,839* ia. 334° 4,442" 318" 4,235°* age 4,028* 19.58 
Total 
all 
lac 1,515 19,562 12.3 1,438 20,293 13.6 1,435 19,994 43.0 1,512 19,926 13.0 
tations” 12.9 14.1 138.9 13.2 
* Missing values gneluded in ealeulation. 
* Missing values not calculated. 
14 fourth and Joes not inelude any calentated missing value: 
@ mineral treatment& 


> Tneludes | 
Potals and 
Cow 21 with ob: 
The daily averages ar 
the table, which were obtaime 


15 cows 
carters not 
1 cow 
al 


caleulated for eows that were sacrificed or did 
not Jactate. Cow no. 21 had anatomical ob- 
structions in all four teat canals and attempts 
to open them surgically were not successful. 
Cows 1, 12; and 28 were sacrificed, as indi- 
cated at the pottom of Table 1, 


for lower om 


centrate and 1° 
ed in treatment © 
a except 
fy by total days. 


eousider 
ayera 


B 
produetic 


Since there was 1 
hy finoride ot minera 
first Inetation, the su 
alyzed by eovarianee, 
netation variance. 
t lactation in 


an 
first-l 
of the firs 


A 


those on the 


fo evidence of in 
1 treatments 


hsequen 
taking inte 


dicated a tT 


teri 
duri 
¢ lactation 


nalysis © 


EFECTS OF FLUORINE ON DAIRY CATTLE. 


greater (p < .05) production by the ligher 
than the lower concentrate group. 

Before certain lactation data were analyzed 
statistically, missing values were calculated for 
the cows that were sacrificed, or did not lac- 
tate. When the data were caleulated in this 
way, the treatments did not significantly affect 
milk production. Considering the individual 
variation in lactation that would be expected 
by a group of dairy eows selected as these were 
us young calves, and with the limited numbers 
on each treatment, statistical interpretation of 
treatment effect on lactation has only limited 
value. Since the three animals that were sacri- 
‘iced, and the one with anatomical obstruction 
in the teat canals, were all on the highest 


305 doy lactations 


a 
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fluorine level, the actual total preduetion of 
that group was accordingly the lowest of any 
of the treatment groups (Table 2). The influ- 
ence of fluoride treatment on these animals is 
discussed by Shupe et al. (18). Since Animals 
11, 12, and 28 did not respond to corrective 
inedical treatment as expected, the ingested 
fluorides may have had an adverse influence 
on them. Total FCM production for all lacta- 
tions on each treatment is shown at the bottom 
of Tables 2 and 3. Sinee all animals had equal 
opportunity to produce (excluding Cow 21), 
except for genetics and experimental treat- 
ment, fluorme had an adverse effect on total 
milk production at the two higher levels of 
fluorine intake (Figure 1). The small differ- 


F. dry basis (ppm) 


[ o—— 2 | 
[26 ---=: 27 | 
[ $5-——- 49 | 
[109 = 93 | 


5 


Daily FCM milk (kg) production 


= 


| 


a ea Le 


eee a 


3 4 
Lactations 
Total lactations 
F. dry basis (ppm) lesa ] ail = 
se als ay cere 
- 
§ == me" 
| eis 
= | Loses] mL 
4 fe 
3 55 ppm F 
a —D-= ° 
e py “one 
“ 
109 ppm F 
es 


en ina 


3 
Lactations 


MG. 1. Average* daily milk (FOM) pri 


4 


erages for individual lactations incl 
8 include no missing values. 


aoe 


Lactations 


+ 


of Ali 


Avg. 
of All 


1 


i oduced guring the first four lactations (305 day 
-) of Holstein females fed four levels of fluorine, two levels of concentrate mix, and 
ela of a Ca P mineral from three to four months of age to about 7.5 yr of age. 


ude calculated missing values. Averages for all 
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enee in wilk production between animals on of the decline, 1f it actually exists, could not 
the two lower levels of fluorine is considered — be determined with the available data. 
within normal biological variation. Cows on The 55 ppm fluorine cows showed a decline 
the 28, 55, and 109 ppn F trentinents pre- in average FCM production in the second lac- 
duced 93, 82, and 60% as much FCM as the tation, but this was a yesult of a decline for 
two cows. One of these had a large eneap- 
Total days in milk were reduced for animals sulated abscess in the right paralumbar fossa 
on the 55 and 109 ppm F treatment, The re- region and was ick for a considerable part of 
duetion was associated with reduced number her early Jac ation, Production declined and 
of lactations and not with shortened lactation did not ineresse appreciably even after suc- 
periods. Average daily milk (FCM) produe- cessful removal of the abseess. In their third 
tion is shown in Table 2. All values except tions these two cows were two of the 
those in the last line are averages of individual highest milk producers on the trial, indicating 
eow averages and give equal weight to each — that the earlier decline was not a treatment 
cow. The last line of the table, however, ™- effect. During the fourth lactation, animals on 
eludes averages calculated from total days in this treatment appeared to be adversely af- 
milk and total production for the entire ex- feeted. The production decline was preceded 
periment. These latter values give greater by clinical fluorosis symptoms, 4 factor sup- 
emphasis to those cows with more production porting the treatment effect on production de- 
and less to those with less production. By both cline (18). 
methods of caleulation, average daily milk pro Results of this trial indieate that the toler 
duction decreased with increased fluorine intake. ance level for fluorine for lifetime (7.5 yr) 
The difference between the 10 and 28 ppm Fo milk production js less than 55 ppm on a dry 
animals is considered to be genetic, since the hay basis or 49 ppm on @ total dry diet basis. 
difference existed even in the first lactation No lactation effects were observed in animals 
when data showed no lactational effects on ani-  reeeiving 27 23 ppm F, jndieating that the 
mals receiving any of the fluoride treatments. tolerance for milk production is somewhere be- 
Neither concentrate level nor mineral level — tween 27 and 49 ppm F on a. total dry diet 
significantly influenced total milk produetion basis or 28 and 55 ppm F on a dry hay basis. 
for the entire trial. There was, however, 4 Certain clinieal and pathological changes pre- 
higher daily milk production by cows on the ceded lactation decline in the cows fed elevated 
higher grain intake (Figure 1). When missing _ levels of fluoride (18). 
values were enleulated, there was @ tendency Effects on lactation were similar to those 
for cows on 1% mineral to produce more than noted by Suttie et al. (21), who started heifers 
those on 3% inineral during the first three on experiment at 2 yr of age. Some of their 
animals receiving 50 ppm of added fiuorin 
Milk production effects of fluorme ingestion showed & Jactational affect in the third lacta: 
at the levels fed in this experiment appear to tion, whereas those on the lower intake showet 
be secondary rather than primary. Also, within no such effect. Lactation effects were associate 
the levels of fiuorine intake included in this with a reduced feed intake. Newell and Schmmi 
study, several characteristic elinieal symptoms (10) indicated that 2.0 to 25 mg F per kil 
and elevated bone fluorine content preceded gram hody weight is the level at which toxieo! 
milk production decline, Shupe et al. (18) re may be expected to occur after periods of p 
ported that animals on the 55 ppm F diet longed ingestion hy dairy cows, although 
showed palpable and discernable hone lesions — these levels they noted no adverse effects 
after 3.5-4 yr on experiment and lameness after milk production for five lactations starting ¥ 
4.5 yr. On 109 ppm F, similar symptoms ap- 2-yr-old heifers. 
peared after 1 yr and 2.5 yr, respectively. There appears te have been no fluoride tr 
Feed consumption and hody weight declined ment effect. on the grams of FCM prod 
in the 109 ppm F animals after about 25-3 yr per 100 keal of digestible energy (Figure 
on trial, whereas: the animals on 55 ppm F did A comparison of efficiency levels within I 
not show such a decline during the trial (19). tions did not show any fluorine treatmen 
Milk production effects followed these other fect. The 1% Ca-P mineral treatment 
manifestations of elevated fluoride intake. In consistently more efficient than the 3%, an 
the third lactation, cows On the 109 ppm F higher concentrate treatment was more qd 
treatment showed a decline in milk production than the lower concentrate treatment. 
(Figure 1). There may have been some decline Fluorine contents of milk during third, 
although the magnitude and fifth lactations are shown in Table % 


10 ppm F animals. 


lactations. 


in the seeond Jactation. 


EFFECTS OF FLUORINE ON 


F. dry basis (ppm) 


28 -——: 27 


Gm FCM per 100 kcal dig. energy 


Lactations 


Fic. 2. 


TABLE 4 


Fluorine (ppm) in whole milk of Holstein females 
fed four levels of fluorine from three 
to four months of age to about 
7.5 yr of age 


Fluorine (ppm) in milk * 


Fluorine 
level 
{ppm 3 


0.086 
0.040 
0.078 
0.096 


Sample taken during period 60-90 days after 
turition. 


Lactations 


of fluorine are positively correlated with 
ide treatment, but all values are within 
evels for human consumption. Physiolog- 
the results show the mammary gland 
A minor means of excretion, From a 
al point of view, however, within the 
fluorine intake of this experiment the 
content of milk would not be so high 
stitute a health hazard. 
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Because of its excellent agronomic proper- 
ties, Coastal Bermudagrass has become a very 
important forage crop throughout the southern 
United States. Information regarding suitable 
ways to utilize it in dairy feeding programs 
has lagged behind agronomic research. Few 
studies of Coastal Bermudagrass silage are 
‘ound in the literature. Consequently, little is 
mown about the changes which oecur during 
e ensiling of this forage or the factors which 
ect these changes. With some forages har- 
ting stage has important effects on the 
emical changes, nutrient losses, and tempera 
oeeurring during ensiling (13, 14). 
he purpose of this experiment was to study 
chemical changes, nutrient losses, and tem- 
ure elevations which occur when Coastal 
ludagrass is ensiled at the prehead and 
ll-head stages of development. 


EXPERIMENTAL PROCEDURE 

8- by 24-ft tower silos were filled with 
a Bermudagrass in the prehead stage, 
or to head emergence, and two with 
ble forage in the full-head stage. 
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ENSILING CHARACTERISTICS OF COASTAL BERMUDAGRASS 
HARVESTED AT TITE PREMEAD AND FULL-ITEAD 
STAGES OF GROWTIL} 


W. J. MILLER, C. M. CLIFTON, anp N. W. CAMERON 
Dairy Department, University of Georgia, Athens 


SUMMARY 

In a study of the influence of growth stage at harvest on changes occurring 
during ensiling, four 8- by 24-ft. tower silos were rapidly filled with Coastal 
Bermudagrass (Cynodon dactylon) at the (a) prehead and (b) full-head 
stages. Ground shelled corn was added at the rate of 100 Ib per ton of forage. 
The younger forage contained more protein and less NFH, but the levels of erude 
fiber and dry matter were not materially affected by harvesting stage. Level of 
ammoniacal N and pH were approximately the same for silages made from the 
prehead and full-head Coastal Bernmdagrass. The percentages of organic acids 
were quite low for all silages with prehead silage containing somewhat more 
lactic acid. On a dry matter basis total organie acids were 4.2 and 4.1% for the 
prehead and full-head silages. Nutrient losses by hoth fermentation and spoil- 
age, as determined by the input-output method, were larger for the more mature 
material. Temperatures developed during ensiling were approximately the same 
for all four silages, with average peak values of 104 and 105 F in silos with 


The Coastal Bermudagrass was harvested 
with a forage harvester,’ using a 14-in. theo- 
retical cut. Ground shelled eorn at the rate of 
100 Ib per ton of forage was added to each silo. 
To improve silage quality and minimize fer- 
mentation losses the silos were filled rapidly 
(11), with none of the material exposed for 
more than 6 hr before sealing with 4-mil black 
polyethylene covers weighted with 3 in. of 
sawdust. 

The forage was grown on Ceeil sandy clay 
loam and had been fertilized with 600 lb of 
5-10-15 (N—P.O.-K,0) on April 11, 1961, and 
66 lb of N as NH.NO, per acre immediately 
following the harvests which preeeded each of 
those used experimentally. Forage for the first 
comparison was from the second cutting of the 
season, whereas that of the second comparison 
was from the third cutting. Harvest dates for 
the prehead and full-head forages in the two 
euttings were July 10, July 24, August 9, and 
Angnst 21, 1961, respectively. Due to drought 
and cool weather a longer growing period was 
required for the forages to reach the desired 
stages in the second cutting than in the third. 
These values were 42 and 30 days for the pre 
head stage and 56 and 42 days for the full-head 
stage, in the two euttings, respectively, Aver~ 
age extended plant heights of the prehead and 
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the full-head Coastal Bermudagrass plants eedures have heen described previously (114) 
were 15 and 22 in. and are in conformity with recommended pro- 
Yields were obtained by weighing the forage cedures (17). 

removed, determining dry matter, and meas- 

uring the land area. The silages from Cuttings RESULTS AND DISCUSSION 

2 and 3 were stored for sever and five months Chemical composition data of the forages, 
before being weighed and sampled, The silage the forages plus corn, and the silages are pre- 
from each silo was divided into approximately sented in Table 1. In the second cutting, the 
40 portions of 300-500 Ib each, which were dry matter contents of the prehead and full- 
thoroughly mixed and sampled. The dry matter head Coastal Bermudagrass were essentially 
content of the forage was determined by oven the same. This appeared to be owing to the 
drying and that of the silage by both toluene = more humid weather at the time of the later 
distillation and oven-drying methods (17). harvest, and slow drying-out eauscd by the 
Ammoniacal N, crude protein, organic acids — thick, rank growth and lodging. Coastal Ber- 
(as). pH, and dry matter were determined on mudagrass 18 normally high in dry matter rela- 
fresh or frozen samples. Analyses for the tive to many forages and as it matures the 
other constituents were performed on dried moisture content changes relatively less than 
samples. Other details of sampling, chemieal does that of more succulent forages, such ag 
analyses, and temperature measurement pro- many of the cereals. The silage contained 


TABLE 1 


Chemical composition of the Coastal Bermudagrass forages, ensiled mixtures, and silages 


Prehead  Full-head 
2nd 3rd 2nd 8rd 
cutting — cutting Avg entting entting, Avg 
Dry matter (Go of total wt) 
Forage” 29.1 28.6 B15 30.0 
Forage + corm 319 $1.5 34.2 32.9 
Silage (Toluene am.)* 30.8 30.7 32.6 31.7 
Silage (Oven dm.)” 29.4 27.6 29.8 28.7 
Crude protein (% of ary matter) 
Forage 14.8 15.2 15.0°* 12.38 11.0 ie 
Forage + corn 14.0 14.3 14.2 31.8 10.8 113 
Silage 13.3 12.4 12.9°° 10.9 10.1 10.5** 
Ether extract (% of avy matter) 
Forage 22 19 oat 18 1.6 1.7%@ 
Forage F com 24 2.2 23 Lom 19 2.0 
Silage a7 3.2 35°" 25 2.8 oe 
Crude fiber (Yo of dry matter ) 
Forage 32.4 33.0 33.8 328 334 
Forage + corn 28.5 28.9 20.4 29.1 29.3 
Silage 30.5 30.0 31.6 29.7 30.7 
Ash (9% of ary matter) 
Forage . 5.6 5.4 5.1 5.0 
Forage + corn 4.6 5.0 4.8 4.6 45 
Silage 5a 6.0 5.6 52 5.2 
NEE (% of ary matter) 
Forage 43.8 447°" 470 49.5 
Forage + corm 49.3 49.9 §2.1 53.7 
Silage 472 Aare 499 52.2 
Ammoniacal N of silage 
AsN (% of ary matter) 0.54 0.57 0. 0.64 0.35 
As % of total N 25.4 28.8 27a 36.8 21.6 
pli of silage 5.0 5.3 5.2 54 5. 
** Averages significantly ‘ifferent at th 1% level. 


* Dry matter determine’ by toluene distillation. 
> pry matter determined by oven drying. 


slightly less dry matter than did the material 
ensiled, There was no seepage and the silos 
had a roof. Thus, any real inerease in moisture 
content is attributable to water produced by 
respiration and fermentation. 

Dry matter content of the silages as deter- 
mined by the oven-drying procedure was ap- 
preciably lower (P< 0.01) than the values 
obtained by toluene distillation, This difference 
1s due to the volatile materials lost in drying. 
However, the magnitude of the difference be- 
tween these two measures does not appear to 
be closely related to silage quality (3). With 
the prehead Coastal Bermudagrass the differ- 
ence between dry matter, determined by the 
oven-drying and toluene distillation, was only 
one-half as large as with the forage harvested 
at the full-head stage. 

The prehead forage contained 3.3 percentage 
points or 28% more (P < 0.01) erude protein 
on a dry basis than did the older material. 
This change with age has been observed pre- 
viously with Coastal Bermudagrass (16), as 
well as with other forages. During the ensiling 
and storage period the protein content declined 
in all the silos. Other than protein, NF and 
ether extract were the only chemical fractions 
of the forage materially affected by stage of 
maturity at harvest (P < 0.01). 

The erude fiber content was about the same 
for the Coastal Bermudagrass harvested in the 
prehead and full-head stages, for both the 
second and third euttings. Failure of this eom- 
jonent to increase appreciably as Coastal Ber- 
mdagrass grows older has been observed pre- 
jously (5, 10). In a study, in which Coastal 
ermudagrass was harvested for pellets at 3, 
and 7-wk eycles throughout the season, the 
ide fiber content only inereased slightly with 

with average values of 28.0, 30.2, and 
%, respectively (10). However, milk pro- 
ion of cows fed the pellets declined as the 
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age at harvest increased (10). Digestibility 
also decreased as the Coastal Berniudagrass 
matured, with average organic matter digesti- 
bilities of 66.0, 60,7, and 56.8% for the forages 
harvested at 3-, 5-, and 7-wk frequeneies (9). 
Thus, it appears that under some conditions 
the percentage of crude fiber may not be a very 
reliable measure of nutritive value in Coastal 
Bermudagrass. 

The ammoniaeal N content of the silages rep- 
resented a rather sizable proportion of the 
total N (28%), but was not consistently or 
materially affected by stage of maturity at 
filling (Table 1). A high level of ammoniacal 
N is generally associated with poor silage pres- 
ervation and reduced dry matter consumption 
(1, 4, 15). By ‘some standards the amount in 
these silos would not be considered indicative 
of good-quality silage (1, 15). 

Silage made from the prehead Coastal Ber- 
mudagrass contained more lactic acid (P< 
0.05) but no more total organic acids than did 
silages made from the full-head material (Table 
2). The level of propionic acid was about the 
same for silages from the two stages of grass. 
The slightly lower levels of butyric, acetic, and 
formic acids in silages made from the prehead 
Coastal Bermudagrass were not significant 
(P < 0.20). All of the silages contained ex- 
tremely small amounts of volatile organic acids 
(Table 2), relative to other materials which 
have been ensiled under comparable condi- 
tions (11). In this respect, as with several 
others, Coastal Bermudagrass appears to have 
rather unusual ensiling characteristics. It has 
heen shown previously that alfalfa haylage 
contains a lower level of organic acids than 
does silage (4), While direct-cut Coastal Ber- 
mudagrass has a considerabiy lower dry matter 
content than that typical of haylage, the silage 
has some of the appearance of haylage. Coastal 
Bermudagrass produces stiff stems, difficult to 


TABLE 2 


Organic acid composition of the silages 


Pull-head 


Prehead 
2nd 3rd 
cutting cutting 
0.6 0.8 
7 05 
0.8 La 
O1 0.1 
1.8 19 
4.0 44 


Ages significantly different at the 5% level. 


end 3rd 
Avg cutting eutting Ave 
(% of dry matter) 
0.7 12 07 1.0 
0.6 11 0.3 0.7 
1.0 15 09 12 
0.1 0.2 O.1 0.2 
L0* 0.6 1.6 aS 
42 4.6 3.6 41 


————— 
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compress. Al! averaue of only 19.2 \b of tion is presented to allow one to make ealet- 
Coastal Bermudagrass and corn, oT 6.2 Ib of Jations on the basis of total nutrients ensiled 
dry matter per enbic foot, was put m the silo for each of the components. 
at the time of filling. In spite of eareful sealing, some spoilage 
Losses during ensiling and the amounts of was observed throughout the silage. Silos have 
nutrients reeovered in the silages are presented been filled previously under approximately the 
in Table 3. Values of dry matter were ealeu- same conditions with Sudangrass 5 oats; oats, 
lated on the basis of total dry matter ensiled ryegrass, and crimson clover; and rye; rye- 
and with the assumption that all of the losses grass, and eriimson clover, with little or no 
should be charged to the forage. The latter spoilage (11-14). Thus, the Coastal Bermuda- 
method was used for presenting the balance grass appears to be decidedly more diffieult to 
data for the other nutrients. It is to be ex- preserve than these forages. Whereas the 
peeted, of course, that the ensiling losses will Coastal Bermudagrass js higher in dry matter 
originate both from forage and from the corm than most of these materials, two silos were 
nutrients ensiled. However, aS all of the corn filled previously which contained & comparable 
would have been available for feeding if it level of dry matter, and little or no spoilage 
had not been put jn the silo, if seems more was experienced (12, 18). 
reasonable to charge all of the losses to the The average losses by both spoilage and fer- 
preservation of the forage. Sufficient informa- mentation were appreciably higher for the 


TABLE 3 
Ensiling losses and nutrient recovery as measured by in-put out-put data. 
Prehead Full-head 
end 3rd and ard 

—— - eutting cutting Avg cutting cutting Ave 
Total (Yo of total wt} 

Spoiled silage 57 7.2 6.5" 12.5 12.4 12.5* 

Invisible loss 0.7 19 13° vrs vi bere 

Good silage 93.6 90.9 92.3" 79.7 80.0 79.9* 
Dry matter (% of total am.)* 

Spoiled silage 4.6 6.7 5.7 pes 13.5 10.3 

Invisible loss 2.3 8.4 54° 35.1 10.3 12.3% 

Good silage 93.1 84.9 39.0" 97.8 76.3 a 
Dry matter (%e of forage a@.m.)” 

Spoiled silage 5.2 Li 6.5 8.2 15.3 11.8 

Invisible loss 2.6 9.7 6.2 17.6 17 

Good silage 92.1 82.6 87.4° 74.2 73.0 

Good silage* (85.9) (79.9) (32.9)* (65.2) (65.4) (65.3)" 
Orude protein as silage 

(% of forage protein ) 871 71.3 79.2 68.9 68.2 
Crude fiber as silage 

(% of forage crude fiber) 99.6 90.6 95.1° 83.4 77.8 
NFE as silage” 

(% of forage NFE) 84.0 75.7 79.9° 67.2 68.0 
Bther extract as silage 

(% of forage ether extract) 153.6 135.6 144.6° 87.6 116.7 
Ash as silage 

(%o of forage ash ) - 104.1 101.3 302.7** 85.7 87.1 


* Averages significantly different at the 5% level. 
#* Averages significantly different at the 1% Jevel. 


> Assumes all of com nutrients recovered as good silage. 
“NFE= ‘Nitrogen-free extract. ; 
4Data in () Dased on oven dry matter. All others based on dry matter determin 
toluene distillation. 

© Averages significantly different at the 20% level. 
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Coastal Bermudagrass ensiled in the full-head 
stage than that harvested in the prehead stage. 
As neither the dry matter nor the fiber content 
was strikingly affected by stage of maturity. 
the explanation for this phenomenon must he 
found elsewhere. It has been observed that the 
lignin content does not inerease rapidly as 
Coastal Bermudagrass grows older (5). With 
advancing age the physical properties change 
appreciably. The more mature Coastal Ber 
mudagrass is tougher, more woody in appear 
ance, and harder to eut finely, whieh results in 
more long pieces gomg through the forage har- 
vester. Thus, it does not appear to pack as 
tightly as the younger material. 

Average temperatures which developed dur- 
ing the ensiling process are presented in Fig- 
ure 1. These were not greatly different in 


02 
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TEMPERATURE OF 


20 
ars ENSILED 


Fig. 1, Average temperatures in silos filled 
with Coastal Bermudagrass harvested at the pre- 
head and full-head stages of maturity. 


2 ar 


silages nade from Coastal Bermudagrass at 
he two harvest stages. The peak temperature 
leveloped somewhat earlier in the less mature 
aterial. According to eommon belief, brown 
lage may result if the temperatures rise much 
ove 100 F (2). Other deleterious effects of 
th temperature appear to be adequately 
ven (6, 15). These include increased fer- 
tation, undesirable type fermentation, and 
“destruction of lactic acid and other desir- 
materials (15). Under practical conditions 
temperatures are associated with in- 
id nutrient losses. Also, it is commonly 
ed that the peak temperature should ex- 
ertain minimums (2), Otherwise, it has 
aimed, an undesirable fermentation pro- 
| 2 butyrie acid type silage may result 
Owever, very extensive studies of Nils- 
I. (15) do not indicate that a low tem- 
per se has deleterious effects. Rather, 
irable preservation appears to be due 
factors, such as very high moisture 
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In determining the most suitable stage of 
maturity for harvesting Coastal Bermudagrass 
for silage, several factors are important, in- 
cluding the following: a). As presented above, 
nutrient losses were lower when the material 
was harvested at the prehead stage. b). The 
data on organic acids content suggest a more 
desirable fermentation for the forage harvested 
at the earlier stage. Coastal Bermudagrass 
harvested at an early age for hay or for pellets 
has been shown to result in high milk produe- 
tion, weight gains, and digestibility (8-10). 
d). Generally, dry matter yields per acre per 
season are higher when Coastal Bermudagrass 
is harvested at an older age (16). Tn the study 
reported herein, the yields of dry matter per 
harvest were 2,760 and 4,660 Ib per acre for 
the prehead and full-head Coastal Bermuda 
grasses. e). The older material has a tendeney 
to lodge, which imereases the likelihood of 
clogging harvesting machinery. Also, a larger 
amount of material is not harvested as it goes 
under the sickle bar. This tends to become 
more erect after the tops are removed and may 
then he harvested with a subsequent cutting, 
substantially lowering its quality. 

Additional studies with Coastal Bermuda- 
grass for silage are needed to further delin 
eate the factors influencing nutrient losses and 
quality changes. Experiments designed to de- 
termine why the loss of nutrients is increased 
with more mature Coastal Bermudagrass and 
to further explain its very unusual ensiling 
characteristies should be extremely interesting 
and useful. 
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appeared from the 
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During studies on nitrogen metabolism in 
the rumen, it has been observed that certain 
carbohydrate sources enhanced or depressed 
the conversion of nitrogen to bacterial protem 
(8, 12, 15, 16). At present, however, only Jim 
ited data are available on the eonversion of 
various carbohydrate or other earbon sources 
to bacterial protein. MeNaught (10) conducted 
n in vitro carbon balance study with rumen 
microorganisms using maltose, arabinose, and 
xylose as bohydrate sources. The percent- 
es of carhon from cach of these sources found 
bacterial proteins were 11.8, 16.7, and 16.1, 
pectively. Carbon from various other com 
s been found to be incorporated into 
erial amino acids, For example, Otagaki 
I. (14) reported activity from C'abeled 
m carbonate, casein, glutamic acid, and 
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tyrate, and valerate, in milligranis/liter /hour, 
Glucose was utilized in proportion to the amount 
and 1,155 mg/liter/hour were utilized, respee- 


all labeled metabolites was found in the proteins. 
labeled acetate, propionate, butyrate, valerate, and glucose 
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SUMMARY 
In vitro tracer studies were conducted to determine the rate at whieh several 
volatile fatty acids and glucose were utilized by rumen bacteria, and the amount 
of carbon from these sourees incorporated into bacterial proteins, nucleic acids, 
The rate at which each metabolite was utilized by ramen 
the basis of the decline in specifie activity 


ealeulated for acetate, propionate, bu- 
were 131.0, 18.2, 18.2, and 0.6, 
added. At 10 


After incubation, some cellular components of the microorganisnis were ex- 
amined for C™ content. Nucleie acids contained label from acetate and glucose, 
from propionate, butyrate, or valerate. Activity from 


Of the aetivity that dis- 


incorporated into proteins were 2.5, 2.1, 


Cellular polysaccharides als» beeame labeled 


—_ 


lencine in both essential and nonessential 
amino acids of rumen bacteria incubated in 
vitro. More recently, Allison et al. (1) noted 
conversion of C" from earboxyl-labeled iso- 
yaleric acid into the protein fraction of an 
isolated strain of rumen bucteria. The observa- 
tion by Allison ct al. suggests the possibility 
that other volatile fatty acids may be utilized 
as carbon sources for amino acid synthesis by 
runien bacteria. It has been established that 
the volatile fatty acids in the rumen are further 
metabolized by the bacteria (6), but the extent 
of this process and the end products are largely 
unknown. 

In the present study an attempt was made to 
estimate the relative rates at which acctate, 
butyrate, propionate, valerate, and glucose were 
utilized by rumen baeteria, and to study the 
possible incorporation of carbon from these 
compounds inte bacterial protein. 


EXPERIMENTAL PROCEDURE 

Rumen fhud. The rumen finid used through - 
out this work was from a mature Guernsey 
steer, equipped with a rumen fistula. The ani- 
mal was maintained on a semipurified diet eon- 
sisting of 46.3% oat straw, 15% cane molasses, 
15% powdered dextrose, 15% corn starch, 3% 
lard, 4% urea, 1% dicaleium phosphate, 0.5% 
mineralized galt, and 0.2% cod liver oil. The 
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oat straw wus ground in a hammer mill and 
mixed with the ‘other ingredients, and the diet 
was fed free choice during the experimental 
period. 

Samples of rumen fluid for ineubation were 
through a length of copper tubing 
juserted through the fistula, The tubing was 
eomnected to a two-liter flask which was 
equipped with a rubber squeeze -bulb to provide 
a yacuum. 

Incubation procedure. The rumen fluid was 
prepared for incubation aceording to the pro- 
vedure reported by MeNaught (11). These 
authors state that the procedure yemoves pro- 
$0209; therefore, the organisms remaining are 
referred to as hacteria throughout the present 
paper. All jneubations were carried out under 
CO, in either 125- or 500-ml Erlenmeyer flasks 
for periods of 6, 10, or 15 hr at 300, using 
10 or 20 ing of glucose, milliliter as an energy 
souree, ‘The flasks were fitted with a two-hole 
rubber stopper. In one hole was inserted a 
short length of glass tubing, with a piece of 
yubber tubing on the end which could be 
clamped off. This inlet was used to flush the 
air from the flask with CO. The other hole 
eontained a glass tube to which was attached 
a rubber balloon. The balloon served as an 
individual gas supply for each flask, and the 
yesiliency of the balloon allowed changes in gas 
volume with little change in pressure. The co: 
pressure in the balloons was adjusted to 8.10 
inm Hg during the incubation period. Four 
incubations were conducted with each of the 
following C-labeled metabolites : uniformly 
labeled glucose, earboxyl-labeled acetate, and 
carboxy!labeled butyrate. Three jnenbations 
were conducted with earboxyl-labeled propio- 
nate and three with earboxyl-labeled valerate. 
Ten to 20 pe of labeled compound were added 
to 200 ml of rumen finid in each incubation, 
with the exception that in one incubation with 
each metabolite 50 pe of the labeled compound 
were added to 40 ml of rumen fluid. The bac- 
teria from the entire 40 ml were harvested in 
the latter flasks, whereas in all other ineuba- 
tions 25-ml samples were taken from the flasks 
at various intervals throughout the jneubation 
period. The pil of the jneubation medium was 
adjusted hourly to 6.4-6.5 by additions of a 
fow drops of saturated Na.COs solution. 

Baeterial growth. Inereases in bacteria dur- 

ing jneubation were measured on the basis of 
increases in weight of the sludge harvested 
from the jneubation flasks by centrifugation. 
The bacteria were jnitially harvested by cen- 
trifuging the 225ml rumen fluid samples at 
18,000 to 24,000 x G for 90 min at 10 C, The 


removed 
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supernants were frozen for yolatile fatty acid 
(VFA) and urea determinations. The preeipi- 
tates were successively washed by centrifuga- 
tion in 5% trichloroacetic acid (LCA) solution, 
absolute ethanol, and ether. The ether was 
driven off, leaving the dried precipitate, which 
was weighed, Increases in weight of the pre- 
vipitate from 25 aml of rumen fiuid over that 
from sainples taken at the beginning of the 
incubation are reported as increases 0 hbaeteria. 


DNA measurements. Comparisons of the 
levels of deoxyribonucleic aad (DNA) in the 


incubated samples with the DNA content of the 
same samples before jneubation were used to 
substantiate the premise that weight increases 
observed in the bacterial harvesting procedure 
were the result of bacterial multiplication. The 
nucleie acids were extracted from the bacteria 
by the method of Schneider (17) and the DNA 
eontent was determined colorimetrically accord- 
ing to the method of Webb and Levy (20). 
The quantity of nucleic acid solution obtained 
in the extraction procedure was in excess of 
that needed for the colorimetric determination, 
and part of the remaining solution was plated 
onto stainless steel planchets in duplicate 500 \ 
samples for radioactivity determinations. 
Bacterial protein determinations and radio- 
activity of bacterial protein. Estimates of the 
protein content were made from micro-K jeldahl 
nitrogen determinations on the material ob- 
tained by centrifugation of the rumen fluid. 
Protein was ealeulated using N xX 6.25, Sam- 
ples for estimating the C" incorporate i 
pacterial proteins were prepared by plating; 
onto planchets, known quantities of the ho 
TCA precipitate from the nucleic acid extrat 
tion. The planchets were dried under infrar 
heat lamps. In the trials in which 50 pe 
each metabolite were inenbated with 40 mi 
yumen fluid, the bacteria were harvested fro 
the total 40 ml of rumen fluid after 10 hr 
ineubation. These bacteria were hydrolyzed 
95 ml of 14% Ba(OH). for 90 hr at 32 
This resulted in @ solution of bacterial sm 
acids and polysaccharides, which were § 
rated by their relative solubilities in 
ethanol. charides 
amino acids were 
radioactivity determinations. ‘ 
VFA determinations. Aliquots of 1 oF 
were taken from the supernatant rumen 
of the samples from the incubation flas' 
subjected to VFA analysis. The procedu 
was that of Wiseman and Trwin (21); 88 
fied by McCarthy (9). The acids were 
made alkaline, and evaporated to dryness: 
then were dissolved in a known volume 


ethanol and plated out in duplicate 500 ) ali- 
quots for determination of radioactivity. 

Glucose analysis. The amount of glucose 
present in the samples was determined by the 
reducing sugar method of Underkofler et al. 
(19) on samples of cell-free supernatant, de- 
proteinized by the procedure of Doak (3). The 
specific activity (SA) of the glucose was de- 
termined by spotting 25 \ aliquots (in tripli- 
eate) of the deproteinized solution of known 
sugar concentration on Whatman No. 1 filter 
paper and chromatographing it by the method 
of French et al. (4). The resulting spots were 
lovated by RE values, eut out, and eluted onto 
planchets. 


Urea determinations. Urea levels of the ru- 
men fluid were determined by the Van Slyke 
and Cullen method as outlined in Hawk, Oser, 
and Summerson (7). 

Estimation of the utilization rates of the 
VFA. As mentioned previously, the incubation 
flasks were sampled periodically and the bac- 
teria removed by centrifugation. The remain- 
ing supernatants were then examined for VFA 
concentration and SA, Along with the expected 
jnerease in VFA concentration and subsequent 
decline in SA, it was noted that the total 
activity per milliliter of supernatant rumen 
fluid (which resulted from the labeled me- 
tabolite) decreased throughout incubation. 
Since the only additions of fluid to the flasks 
were three or four drops of saturated NasCOs 
per hour, it was reasoned that the decrease 
in activity per milliliter reflected that por- 
tion of laheled metabolite utilized by bac- 
teria. The decreases in activity per milliliter 
throughout the incubation periods are shown 
in Table 2. A. rate constant for this decline was 
ealculated according to the method suggested 
ny Gray et al. (5). Because the VFA concen- 
ations increased during incubation, it was 
essary to modify the procedure. This was 
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accomplished by determining the average con- 
centration of VFA present during incubation 
and dividing it into the activity per milliliter 
present in the supernatant at each sampling 
period. The logs of these values, plotted 
against time, resulted in a line the slope of 
which reflected the amount of VFA removed 
or metabolized by the baeteria per unit of 
time. The difference between the log of the 
initial SA and log of the final SA was substi 
tuted into the following formula: 


Rate (I) =+ (log ¢ initial SA — log 6 
final SA) 


This formula reduces to: 
= difference in log SA Ke 23 

10 
The hourly rate of decrease, k, then was multi- 
plied by the average concentration of the acid 
in the incubation flask to give the rate of uti- 
lization in inilligrams. 

Radioactivity determinations, All samples 
were placed in either aluminum or stainless 
steel planchets and counted in a thin-window, 
gas-flow Geiger-Muller detector. 


RESULTS AND DISCUSSIONS 

Bacterial growth and protein synthesis. Ineu- 
bation periods of 10 hr were used most fre- 
quently throughout these trials. In this length 
of time some 40-50% of the glucose added as 
an energy source had disappeared, and an in 
crease in bacterial weight of two to three times 
that originally present resulted. The average 
amount of urea present in the rumen fluid 
prior to incubation was 0.310 mg milliliter. 
During incubation an average of 0.174 mg 
milliliter of urea disappeared from the ineu- 
bation flasks. Addition of urea before incuba- 
tion was found to decrease bacterial growth. 

Because bacterial growth was based on the 
inerease in weight of the material harvested by 


TABLE 1 
Concentrations and rates of utilization of VFA and glucose by rumen microorganisms in vitro 


Avg con- 
centration 
all sam- 
ples 
mg/liter 


No. of 


etabolite inenbations 


Avg rate of 
utilization 


% uti- 
lized/hour 


mg/liter/ 
hour 


4,070 
1,500 
982 
144 
10,000 
20,000 


srw. 


. 


peome 
WA mi low 


Glucose added to incubation flask at the r: 
lucose added to incubation flask at the r: 


ate of 10 mg/milliliter. 
ate of 20 mg/milliliter 


ye —————————_— 
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TABLE 2 
Incorporation of C' from VFA and glucose into bacterial proteins and nucleic 
Activity of Final 
Labeled mictabolite comet 
metabolite count/minute Final Final tration 
used and milliliter nucleic bacterial of bac 
incubation acid protein terial 
no Jintial Final activity activity protein 
feount (min (eount/ min 
Acetate mg of PNA) mg} (ng ml) 
if 37,100 a2 280 0.57 
2 25,100 250 0.60 
3 70,800 5.1 sso 9.80 
Propionate 
75,800 0.0 10 0.72 
2 70,500 TS 320 on 
Butyrate 
1 11,200 7 oT 
g 12,800 iy 40 
3 15,300 Bi 45 
Valerate 
dl 52,500 7 280 
2 41,500 Y 180 
Glucose 
1 49,200 87.2 1,080 
2 60,300 32.8 1,300 
3 44,000 15,000 751 840 
activity of 1-5 me/mM was added in each 


» Sufficient labeled metabolite with 2 specific 
’yn addition to the labeled metabolite, al! 


fluid. All VFA jneubations 1 

VFA incubations no. 2 and 3, 20 mg/milliliter 

mg/milliliter (unlabeled) glucose, incubation 2, 
© Trace amounts present. 


ation from rumen fluid, it was neces- 
this weight inerease was 
se in bacterial numbers. 
(2) reported that under 
content. of bacterial 


centrifug: 
sary to show that 
caused by an  ineres: 
Belozersky and Spirin 
most conditions the DNA 
cells remains constant, except for 2 brief pe- 
riod before cellular division. As the number 
of cells increases, the total DNA content of 
the culture should increase in direct proportion. 
The nueleie acids were extracted from air-dry 
samples of material centrifuged from rumen 
fluid, The concentration of DNA was esti- 
mated colorimetrically, and the quantity was 
read in micrograms from a standard curve. 
The relationship between bacterial growth and 
DNA content is jllustrated in Figure 1. The 
haeterial weights in Figure 1 represent several 
samples of bacteria centrifuged from rumen 
fluid after various periods of incubation, DNA 
content of these samples averaged 23 pg/milli- 
gram of air-dry material, and indicated that 
the increase in weight resulted from an in 
crease in bacterial numbers. 

Micro-K jeldabl analysis of the material cen- 
trifuged from rumen Avid and dried at 1006 
for 5 hr revealed a decrease in crude protein 
content during incubation. — Semples taken 


case to give total added activity of 10 20 pe per flask. 
1 flasks contained 200 mil of clarified rumen 


‘o, 1 contained 10 meg/milliliter glucose as an en 


ergy source. All 
glucose. Glucose incubations 1 and 3, 10 
20 mg/milliliter (unlabeled) glucose. 


300, 
250 
200 


150, 


DNA (ug.) 


yee) 


° 23 sé 7 ae 


4 
BACTERIAL WEIGHT (mg-) 


Fig. 1. Relation between pacterial weight 
DNA content. 


prior to incubation averaged 61% crud 


d after 10 hr of incubation the 
ilar t 
(38). 


tein, ani 
was 36%. These findings are sim 
reported by Simith and Baker 


found that hacterial weight increased from 1 
to 4 g/liter after a 4-hr incubation, but the 
protein content of the bacteria decreased from 
50 to 33%. In the present study there was an 
average inerease in bacterial weight of 2.5% 
in 10 hr. With the corresponding decrease hi 
protein content, the net synthesis of protem 
averaged 0.22 g/liter. 

Uiilication of glucose and VFA, Rates of 
bacterial utilization of the various labeled cou 
pounds were calculated, When Jabeled glucose 
was added to the incubation flasks the rate of 
glucose utilization could be deduced from the 
decrease in aetivity of the glucese per nmulhhter 
of rumen fluid, since the total concentration 
of glucose decreased at an equal rate, The uti- 
lization of VFA by the microorganisms could 
not be measured in this way, because VFA are 
continually being produced in vitro, at a faster 
rate than they are being utilized, This results 
in a greater decrease in specific activity of the 
labeled VFA than can be attributed to turn 
over rate alone, Since the method used to 
calenlate the rate at which the microorganisnis 
utilized VFA was based on the decrease in 
specific activity of the VFA during incubation, 
it was necessary to reduee the influence of ex 
cess microbial production of VFA on decline 
of specific activity. To aceomplish this the 
specifie activity of the fatty acid was adjusted 
by usmg an average concentration of the fatty 
acid during the incubation period. For ex 
ample, the concentrations of butyric acid as 
removed from the Wiseman columns were 212, 
212, 216, and 240 mg/liter for the sampling 
times 0, 3, 6, and 10 hr, respectively. This 
was an average of 220 mg of butyric acid /liter. 
In arriving at the adjusted specific activities 
for butyrate at the various sampling periods, 
the counts/minute/liter resulting from butyric 
acid were divided by the average number of 
milligrams of butyric aeid /liter, or 220. When 
the logs of the adjusted specific activities were 
lotted against time they gave a straight line. 
ots of adjusted specific activities for each 
tty acid appear in Figures 2 and 3. The high- 
and lowest specific activities for each incu- 
ion were then inserted into the formula: 


i =} (log ¢ initial SA — log e final SA) 


© k =the rate constant in terms of the 
on of the amount present that disappears 
it time. The value for & in the esse of 
le acid was: 

1 


10 (2.3) (4.1430 — 4.1038) 


VROTELN SYNTHESIS BY BACTRREA 737 


de 
; 3-90 
ro 
Qo 
<q 2 A 
a 
a . 3-850) 
OE 
ES 
Qa 
30 3-80 
(=) 
< 
© 
& 3-750 
° 2 4 6 8 lo 
INCUBATION TIME (HOURS) 
Ke 4148 
°o 
< B 
& 4132 
af 
wo e 
26 4116 
i=) 
¢ 
8 
3a 4100 
0 2 4 6 8 10 
INCUBATION TIME (HOURS) 
Fic. 2. Rate of loss of activity of labeled acids 
in vitro. A-—-aeetate incubation, Flask 1; B— 


butyrate incubation, Flask 3. 


The rate constant then was multiplied by the 
average concentration of butyrate present in 
the meubation flask throughout the incubation: 


0.009 * 1,100 mg/liter = 9.9 ing butyrate 
utilized per hour 
by the bacteria 
in one liter of 
flask contents. 


Calculations of the disappearance, on a liter 
basis, for all fatty acids and glucose appear in 
Table 1. This table also contains the average 
concentrations of each VFA and glucose found 
in all ineubations. Rates of utilization appear 
to reflect concentrations of each metabolite. 
The rate of glucose utilization was inereased 
nuirkedly by raising the concentration of glu- 
cose in the medium, but the influence of chang- 
ing the concentration of VFA was not investi- 
gated, The figures in Table 1 indicate that 
under the conditions of these experiments, in 
the period ef one hour, bacteria utilized 163 
vag of VFA per liter of rumen fluid. 

Incorporation inte protein and nucleic acts. 
The incorporation of the carhon from the 
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jn vitro. A-—propl 
yalerate incubation, 


labeled metabolites into bacterial protein and 
nucleic acids, as well as an indication of the 
amounts of labeled compounds that disappeared 
from the rumen fluid during the ineubation 
periods, is indicated in Table 2. Of the activity 
that disappeared during jncubation, only @ 
small portion was located in the cellular com- 
ponents studied, Nucleie acid activity is based 
on planchets containing 30-40 pg DNA, plus 
an unmeasured amount of RNA. Activity is 
reported as a trace when the number of counts 
on a sample were between one and two times 
background. The bacterial protein activity is 
based on gross measurement of the aetivily in 
the precipitate from hot TCA. The coneentra- 
tion of bacterial protein per milliliter of rumen 
fluid is derived from the total weight of pre- 
cipitate from the rumen fluid at the end of 
jneubation, multiplied by the average protein 
content, 36%. Only glucose and acetate con- 
tributed appreciably to nucleic acid synthesis. 
The VFA acetate, propionate, and valerate 
gave similar protein activities at the end of 
the incubations, while butyrate carbon was in- 
corporated to a lesser extent. The percentages 
of the aetivity which disappeared from the 


labeled 
whieh were found i 
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during ineubation, and 
n bacterial protein were 
acetate 2.5, propionate 2.1, butyrate 1.6, val- 
erate 2.6, and glucose 2.9, When the percent- 
ages for VFA are multiplied by the milligrams 
of each VFA utilized by bacteria in 10 hr, the 
eombined VFA eonverted to protein per liter 
per 10 hr was 39 mg, of which 85% was from 
acetate. 

No attempt was made to a 
the activity which disappeare 
tion. Tt is assumed that at leas 
escaped as CO:. 

Throughout the work, activity in bacterial 
proteins was estimated on residues from hot 
TCA hydrolysis. This TOA precipitate ana- 
lyzed 76-78% erude protein on a N x 6.25 
pasis. The 22-24% contamination was thought 
to be bacterial polysaecharide, and it was neces- 
sary to determine whether the activity in poly- 
saccharides was contributing greatly to the 
specifie activity of the TCA precipitate. To 
investigate this, an ineubation was conducted 
with each metabolite, using 50 pe of activity 
and 40 ml of rumen fluid. The mnieroorganisms 
were removed by centrifugation and hydrolyzed 
in a base to prevent polysaccharide degradation. 
‘After hydrolysis the amino acids were Sepa- 
yated from the polysaccharides hy their relative 
solubilities in 80% ethanol. The polysaecha- 
rides were suspended in a known volume of 
water, ranging from 63 to 72 ml, and heated 

to 80C. This caused most of the polysaccha- 
rides to go into solution. The amino acid solu- 
tions were desalted by the procedure of Mueller 
et al. (13), evaporated to dryness, and taken 
up ina known volume of water. The activity 
in both solutions was measured and is pre 
sented in Table 3. Most of the activity w 
found in the amino acid fractions of the micro: 
organisms in each ineubation. With the excep: 
tion of the glucose incubation, the activity i 
the polysaccharides was low. Tt was conclud 


metabolites 


ecount for all of 
a during ineuba- 
+ part of it 


TABLE 3 


activities in the polysaceh 
fractions of hydro! 


paride 


Relative C* 
pactert: 


amino acid 


Total 
Labeled activity 
metabo- in poly- 
lite saccharides 
(count/min) 
Acetate 4,06 
Propionate 3,530 
Butyrate 3,450 
Valerate 1,170 
39,400 


Glucose 


that the activity found in the residues from the 

hot TCA preeipitate resulted mainly from the 

protein in these fractions. 

Results of these investigations indicate that, 
under these experimental conditions, each of 
the metabolites studied was utilized hy rumen 
mieroorganisms. The rates of utilization varied 
widely, glucose being metabolized in larger 
quantities than volatile fatty acids. Of the 
fatty acids studied, the rates of utilization 
were proportional to their concentration in 
the ineubation flasks. Carbon from each of 
these sources was incorporated into the amino 
acids and polysaccharides of the rwnen bac- 
teria and, to a smaller extent, into the nucleic 
acids. 
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BFFECTS OF FEBDING DIETHYLSTILBESTROM ON THE 
AND REPRODUCTIVE PERFORMANCE 
OF DAIRY CATTLE 


DEVELOPMENT 


J, BUSH anv IL. 
and Physiology, 


L 
Departments of Dairying 


SUMMARY 
eding of diethylstilbestrol (DES) on the devel- 
of dairy eattle were determ. 
onths of age made more rapid weight 


The effects of continuous fe 
opment and reproductive performance 
Heifers fed DES starting at four m 
< 0.05) to 


gains (P 
iminished thereafter. 


between groups di 


ment and height of tnilhead were sinall an 
to conceive and 


jon that reproduction was impaired in a few cows 


y of the heifers 


had no effect on the ab 
There was some ind 
fed 15 mg 


mature cows were 


inconclusive. 


As a result of the widespread use of diethyl- 
stilbestrol (DES) in ions for fattening beet 
interest has developed concerning the 


cattle 
b feeding DES to dairy cattle 


possible effects of 
of different ages. 

Krawezyk and Olson (3) reported that feed- 
heifers 10 mg of DES daily starting at 


ing 
age increased weight 


four to 14 months of 
i gains and wither height during & 210-day pe- 
| riod. On the other hand, Fosgate and Tedge 
(2) reported that feeding 10 mg of DES daily 
jnereased the rate of gain of heifers over a 
58-day period in one trial, but not in another. 
Rumery and Ward (5) found no signifieant 
inerease in weight gain or wither height from 
feeding heifers DES at the rate of 10 mg 
daily for 351 days. Voelker (7) observed no 
increase in the growth of dairy calves result- 
ing from feeding 2 or 3 mg of DES daily from 
four to 116 days of age. 

Mammary gland development has been re- 
by several workers (3-5) to be similar 
in DHS-fed and control heifers. In contrast, 
Voelker (8) reported that heifers implanted 
with 15 mg DES monthly for four successive 
months developed asymmetrical udders. 

Krawesyk and Qlson (3) observed DES 
treated and control heifers to have essentially 
the same number of estrous cycles, differing 
only slightly in length. Reuber (4) observed 
no effect from DES on the frequency and dura- 
tion of estrus in yearling beef heifers; however, 


ported 
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15 months of age than controls; 
Differences in mammary gland develop- 


w DES daily starting 30 days postpartum; however, 
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ined. 


however, the difference 


d temporary in nature. DES feeding 


produce a normal calf. 


the results with 


in another trial involving heifers started at 
seven months of age, those fed DES had over 
twice as many heat periods as did untreated 
controls. No significant difference in the num- 
ber of services required for coneeption has 
been observed (3-5) between heifers fed DES 
and controls. Similarly, Wrenn and Sykes (9) 
and Browning et al. (1) reported that feeding 
DES at levels from 5-15 mg daily for varying 
periods of time had no adverse effect on repro- 
duction in dairy cows. 

Previous work on feeding DES to dairy 
heifers involved animals of varying ages OF 
sizes (3, 5) and relatively short experimental 
periods (2, 3, 5, 7). Therefore, this study was 
condueted to determine the effcets of continu- 
ous feeding of DES on the development and 
reproductive performance of dairy heifers from 
four months of age to parturition, In addi 
tion, further information was obtained com 
cerning the effect of DES feeding on reprodi 
tion in lnetating dairy cows. 


EXPERIMENTAL PROCEDURE 

‘Two trials were conducted using Holst 
cattle from a bruceliosis-free herd, in whi 
the calves were vaccinated for brucellosis 
seven months of age. 
Tn the first trial, 20 heifer ealves were pail 
on the basis of date of birth and starte 
at four months of age. One men 


experiment 
fed DES 


of each pair was individually 
grain at the rate of 5, 10, a 
from four to six, six to 12, and 12» 
age to calving, respectively. Mammary 
nas evaluated hy monthly 


development W 
length to 15 months © 


urements of text 
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and udder width and length to eight months 
of age, using the procedure described by Swett 
etal. (6). Body weight and height of tailhead 
were recorded at monthily intervals to LS months 
of age. The height of tailhead was determined 
as the distance from pinbone to pinbone in a 
vertical plane over the tailhead. 

Observations were made for estrus and in- 
clination of heifers not in estrus to mount 
other animals at approximately 8-hr intervals. 
All heifers were bred artificially starting with 
the first estrous period after 15 months of age. 

In a second trial, 20 cows were paired on 
the basis of freshening date. Beginning at 30 
days postpartum one tember of each pair was 
fed 15 mg of DES daily until the end of the 
subsequent gestation, except for cows not eon- 
ceiving during a fivemonth breeding period. 
All cows were bred artificially at cach estrous 
period starting at 60 days postpartum, and 
DES feeding was discontinued for cows not 
pregnant by seven months postpartum, In 
eases where pregnaney did not ensue after a 
four-month period without DKS feeding, the 
cows were slaughtered to ascertain the canse 
of infertility. 


RESULTS AND DISCUSSION 


About ten days after the start of the experi- 
ment, edema of the vulva and perineum was 
noted in the heifers fed stilbestrol. This condi- 
tion, also previously noted by other workers 
(1, 3) did not persist, but reeurred at irregular 
intervals throughout the experiment. The aver- 
age inerense in height of tailhead was slightly 
greater in the heifers fed DES than in con- 
trols. However, the difference between groups, 
although statistically significant (P < 0.01), 
was not great enough to be detected visually 
and was considered te be of no practical 
dinportance. 

Only slight differences were found between 
the two groups in width and length of udder 
luring the period from four to eight months 
ff age, and there was no noticeable difference 
tween the two groups in appearance of the 
ders at parturition, The apparent edema of 
udder and inereased teat length observed 
ing the carly part of the experiment (Fig 
1) was temporary in nature and evidently 
ittle significance, Moreover, the relatively 
, yet statistically significant (P < 0.01), 
ence between groups in teat length dis 
red at about 12 months of age, coincid 
ith the onset of puberty (Figure 2). 
it appeared that DES feeding had no 
ent effect on udder development of dairy 
which is in agreement with results 


IN CATTLE 


TAL 


Fig. 1. Comparison of control heifer (left) with 
lwifer fed 5 mg DES daily for 6 wk (right). 


obtained by other workers under similar ex- 
perimental eonditions (3-5). 

The average weight gain of the heifers to 
15 months of age was significantly greater 
(P < 0.05) for the DES-fed group than for 
controls (Table 1). Wowever, the difference 
hetween groups diminished during the next 
three months, possibly because of a change in 
hormone balance brought about by pregnancy 
in most of the heifers at this period. . 

Although the heifers fed DES attained pu- 
berty 35 days earlier on the average than those 
in the control group, the difference between 

vas not statistically signifieant (P > 
0.10), ise, the number and length of 
estrous eveles were not sufficiently different 
for the two groups to indicate any marked 
change in ovarian funetion of the DES -fed 
heifers. The most noticeable difference between 
the two groups was the increased aggressive- 
ness of the heifers fed DES, as evidenced by 
the number of attempts made by animals not 
showing clinical signs of estrus to mount other 
heifers (Table 1). 


TEAT LENGTH 
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Fig. 2, Average teat length of heifers from 4 
to 15 moiiths of age. 
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TABLE 1 
performance of heifers 


Growth and reproductiv 


Stilbestrol Control 


Measurement 


Weight gain (tb) 


4-15 months * 529 471 

4-18 months 650 620 
Age at puberty (days) 360 395 
Number of estrous eyeles prior 

to first breeding at 15 

months of age 4.8 3.4 
Length of estrous cycles prior 

to first breeding (days) 21.6 25.9 
Aggressiveness rating ae 17.5 8.4 

15 19 


Serviees per conception 
“Difference between groups statistically sig- 
nifieant (P < 0.05). 


> Average number 0: 
were observed to mount others 


months of age. 


¢ times heifers not in heat 
from 12 to 15 


There was essentially no difference between 
groups of heifers as to their ability to conceive 
and produce a normal ealf, The greater num- 
per of services required per conception for the 
control group was largely attributable to one 
animal which required an unusually large num 
ber of services. In each group, seven of the 
ten animals conceived at first service. The sex 
of the calves was apparently not affected by 
DES feeding. There were seven heifers and 
four bulls produced by the DES group, as 
compared to eight heifers and two bulls in the 
control group. Thus, eontinuous feeding of 
DES had no significantly adverse effects on 
either the development or reproductive per- 
formance of the heifers from four months of 
age to parturition. 

Less consistent results were obtained with 
mature eows fed 15 mg DES daily from 30 
days postpartum to the end of the subsequent 
gestation. Some cows fed DES conceived read 
ily and calved normally. On the other hand, 
two cows in the DES group were slaughtered 
because of failure to conceivé following sev 

eral services during DES feeding and also 
during a subsequent period when the DES was 
withdrawn. The specific cause of infertility in 
these cows was not evident on gross and miero- 


mination of the genitalia; however, 
factors other than DES feeding may have con- 
tributed to the condition as hoth of these cows 
had placental dystocia following the previous 
calving, Additional work with a larger number 
ef cows would be needed to critically evaluate 
the effects on reproductive performance of con- 
tinuous DES feeding at the rate of 15 mg 
daily for ten months or longer. 


scopic exal 
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TECHNICAL NOTES 


ELECTRON MICROSCOPIC OBSERVATIONS OF ALKALINE EARTH 
METAL-CASEINATE PARTICLES 


It has been well established that casein ex- 
ists in milk as roughly spherical particles of 
varying sizes (1, 3, 7, 8) and containing cal- 
cium and magnesium (4). The effeets of the 
metals on the particle formation and size dis- 
tribution in complexing with casein have stimu- 
lated further interest in the behavior of the 
caseinate system. This paper presents evi- 
dence that when alkaline earth metal chlorides 
are added to casein solutions, the size of the 
particles depends upon the particular alkaline 
earth metal added. 

Suspensions of the alkaline earth metal-ca- 
seinates were prepared by adding the following 
amounts of 0.1 m alkaline earth metal chloride 
solutions to 100 ml of 0.01% easein solutions: 
0.5 ml of barium chloride, 0.25 ml of beryllium 
chloride, 1 ml of caleium chloride, 1 ml of mag- 
nesium chloride, 0.25 ml of strontium chloride. 
They were allowed to stand for 2 hr. The ca- 
sein was obtained from cow’s milk according 
to the directions of Warner (10) and dissolved 


in 0.01 ~ sodiun) hydroxide solution, then ad- 
justed to pII 7.0 with dilute hydrochlorie acid. 
‘A small drop of water (2 nim in diameter) 
containing the alkaline earth ametal-caseinate 
was placed in the center of collodion-coated 
copper grids and allowed to air-dry. After 
drying, a heavy eating of earbon was evapo- 
rated almost vertically onto the grids, giving 
mechanical strength to the preparation. The 
preparation was then shadowed with a small 
piece of chromium at an angle of about 30°. 
Electron micrographs were taken by Ilitachi 
electron microscope type HW-1, using an ac- 
celerated voltage of 50 kv. 

When a certain amount of the alkaline earth 
metal chloride was added to the sodium ca- 
seinate solution, spherical particles were ob- 
served in the electron micrographs (Figure 1). 
Since the preparation of sodium easeinate did 
not give any regularly shaped particles, it is 
evident that the arrangement is due to the 
reaction between casein and the metal chloride. 


Fic. 1. Electron micrographs of alkaline earth metal-easein 


Particles. 
inate) ; 


ium cascinate; 5: 


Magnification: 10,000* 1: 


magnesium caseinate; 


Control 
barium caseinate; 3: beryllium caseinate; 4: 


(sodinm 


strontium 


mate; 7: preparation obtained from the casei solution 


hich magnesium chloride was added with ealeium chloride 


imolar concentration. 
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POTENTIOMETRIC DETERMINATION OF SALT IN CHEESE 


MATERIALS: AND METHODS 


The procedure commonly used to sma 
salt in cheese (1 js a modification of the Vol- 
hard ee dee dine the wet-ashing pro rapes pil meters mores ae te aa 
cedure of Davies (2). This procedure has many baat potentiometer ands Ss oe 4 
obvious disadvantages, je, large amounts of aap ne caenuty hy Herring oh 
highly toxie fumes are produced, many opera- 3). an aang peat ie vont e 
tions are jnvolved, and an excess of an expen ata ae a ad ik a ee: : 
sive reagent, AgNO,, is employed. Silverman ee ped a ius Bete: Be: 
et al. (4) simplified the standard procedure by cnatel pit 2.0, a fact also observed fF 
eliminating filtration through the use of nitro- hy Herrington ’and Kleyn (3)- 
benzene. A potentiometric method for the de- for cheese, as for milk, was foun! 
termination of NaC) in milk, published by inv with respect to the saturated calomel 
Herrington and Kleyn (3), suggested further trode. 
simplification of salt analysis for cheese. Approximately 2 g of cheese, pre 


finely chopped, was weighed into 250-ml beak 
ers. To each beaker was added 100 ml of dis- 
tilled water. The mixture was brought to a 
boil, cooled, and titrated with N/10 AgNO, 
Later, it was found unnecessary to boil the 
mixture, to get results comparable with the 
standard method. If the cheese only rests im 
contact with water at 60.C for at least 15 min, 
good results are obtained. To avoid the neces- 
sity of adjusting the pH. to 2.0 after extracting, 
the water was replaced by a dilute solution of 
HNQ,. A solution containing 1.5 ml of eonven- 
trated TINO, per liter gave a pH ot 2.0 in the 
tinal solution. Use of a no. 1 cork berer to 
obtain samples, rather than cutting portions, 
eliminates mincing prior to weighing. Since 
one horerful gives about 0.3 g of ch 
or six plugs from different parts of the cheese 
will give a good representative sample. 


EXPERIMENTAL PROCEDURE 

1. Grind cheese finely (unnecessary if using 
ano, 1 cork borer). 

2. Weigh accurately approximately 2.0 g in 
250-inl_ beakers. 

3. Add 100 ml of a dilute HNO, solution. 

4, Place beakers in a water bath at about 
60 C for at least 15 min. 

Titrate when convenient with standardized 
AgNO, until a difference of +255 mv is 
obtained between the silver clectrode and 
the saturated calomel electrode. This is 
the end point. 

6. Calculate the per cent NaCl as usual. 

For best results, stir with a magnetic stirrer 
during titration. 


The result of salt analysis on a number of 
cheeses of various varieti shown in Table 1. 
Triplicate samples were run in all cases. Closer 
agreement was obtained between samples of the 
same cheese using the potentiometric method 
than with the standard method. This is prob- 
ably due to the easier reproduction of the end 
point. 


CJabeled alfalfa could serve as a useful 
cer in rumen metabolism studies, but it is 
available commercially. Preparation of 
led plant material requires a special growth 
inber in which C“O, of high specific activity 
ilized in the photosynthetic process. Sev- 
such apparatuses have been constructed 
5), but their use is limited because of 
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TABLE 1 
Salt analysis on different types of cheese by the 
standard method sand the potentiometric method 


Potentio- 
metric 
method 


AOAC, 
method 


—(% NaCl) 
2.165 
1.400 
1725 
2.200 
0 


Cheese 


Young Cheddar (1 wk old) 


Mature Cheddar 
Processed Cheddar 
Blue 

Swiss 


ROMO OR=o 


A Sargent Automatic Titrator equipped with 
a commercial silver electrode also has proven 
satisfactory. 
P. F. Fox 
Department of Dairy and Food Science 
Cormell University, Ithaca, New York 
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INEXPENSIVE TECHNIQUE FOR PRODUCTION OF CM! ALFALFA 
FOR ANIMAL FEEDING EXPERIMENTS ? 


high construction costs or sinall capacity. This 
paper describes a growth chamber for biosyn- 
thesis of labeled plant material for rumen 
metabolism studies at a low cost. 


MATERIALS AND METHODS 
The growth chamber (Fig. 1) was con 
structed of 3g-in. clear Plexiglas’ held to- 


*Rohm & Haas Inc., Washington Square, Phila- 
delphia 5, Penisylvania. In this manuscript trade 
names are used for clerity. Their use does not 
imply endorsement or that conipetitive products 
are not equal, 
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Fie. 1. Growth chamber with jndieated accessories used in labeling plants. 

gether by brass machine screws (10 x 24 X humidifier and pump entered _ the chamber 
The Plexiglas edges through rubber stoppers inserted in the lid. 


34 in.) at 2-in. intervals. 
were softened with ethylen 
being fastened. Byven though 


e dichloride before Pressure changes within the chamber due to 
this formed air- temperature and barometric fluctuations were 
tight joints, all seams were calked on the inside absorbed by a spirometer consisting of a 45-gal 
with & nonhardening ealking compound as 4 airtight drum inverted over 50 gal of water 
precaution against leakage. layered with 1.5 in. of mineral oil. Air passed 

in diameter) in from the chamber to the spirometer through a 


An access porthole (18 in. 
the top of the chamber was closed by a Plexi- polyethylene tube extending through a rubber 
elas lid 22 in. square by 1 in. thick. The lid stopper in the lid. The inverted drum was held 
was held in place by eight 3 “in. serews that in place i 
passed through the lid and serewed into the wooden gui 
chamber top. To form an airtight seal non- ence of the outer barrel. P 
hardening calking compound was used. raising the drum was counterbalanced by 
A dehumidifier * was placed in the chamber — weight and pulley arrangement, The drum sel- 
through the porthole ‘and mounted on a base of dom moved more than 8 to 10 in. during Jabel- 
plywood and polystyrene blocks to absorb vie ing runs. 
bration. The yelative humidity in the chamber The growth chamber was maintained in a 
was maintained at 55-60% to prevent fungal conventional greenhouse. To prevent excessive 
growth at higher humidities. temperature variations a canopy of clear Flex- 
Water condensed by the dehumidifier was 0-Glas* was built around the chamber, It ex 
recireulated to the plants by an electric vertical tended about 6 in. from all sides and the top. 
jmmersion pump placed on the collection tank. excluding the access portion. An air condi 
The pump was ‘ictivated, when necessary, yy a tioner was positioned to blow into the canop 
switch placed outside the chamber. Water was On extremely hot days a cheese cloth shat 
pumped through a 5g-in. plastic tube into a was pulled over the top. This kept the interit 
one-liter container supported on a ring stand of the chamber below 80F, even when 
and mounted above the plants. A No. 15 rubber greenhouse temperature rose 
stopper served as the base of the container. Total cost of the chamber was approxima 
Sixteen 4.5-in, sections of 14-in. copper tubing $400, including labor, all ‘ 
extended through holes jn this stopper. They and ‘dehumidifier but exeludi 
were connected by rubber tubing to Mein. di-  tioner. 
ameter glass tubes positioned over each plant. The alfalfa plants were 
Distribution of water was controlled by preset spaced-plant nursery and 
serew cocks. When additional water was Te- dormant to 6-in. pots. Soo! 
quired, it was passed into the dehumidifier jnitiated, 16 plants tr 
tank through & glass stopeock in the hd, then were placed into the chamber, 
pumped to the plants. When excess water ac- ported by pans, to allow f 
cumulated, it was siphoned out through the Before the plants were place 
same stopcock. Blectrieal wires to the de- 
‘Warp Bros., 1100 WN, Cicero Ave- 
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a complete nutrient solution was provided. 
“Artificial light was used to provide an 18-hr 
day. 

‘A measured amount of BaC“Os was placed in 
test tubes and mixed with distilled water, The 
tubes were held in a rack fastened to the ring 
stand, and placed directly under a hole in the 
lid. The hole was plugged by a rubber serum 
stopper. To release the CO. from the BaC"O,, 
5 ml of 85% phosphoric acid was injected 
through the serum stopper by a long needle 
attached to a syringe. Levels of C" activity 
were monitored by withdrawing 10 ml of the 
chamber atmosphere with a gastight syringe. 
The CO, was absorbed in hydroxide of Hya- 
mine 10-X* and counted in a liquid scintillation 
spectrometer. 

Plants were removed at the early-bloom stage 
and placed in the dark (usually for 48 hr) to 
metabolize reserve sugars. They were then 
harvested, placed in paper bags, and dried at 
100 to 120 F in a forced draft oven for 48 hr. 

Cellulose was extracted by the method of 
Crampton and Maynard (3). The Cc aetivity 
of the total plant material and the cellulose 
was determined by the wet combustion method 
of Clayeomb et al. (2). 


RESULTS AND DISCUSSION 

The quantities of C’ recovered in the dry 
weight of the total plant material and cellulose 
from several labeling runs are shown in Table 1. 
On the average, 33.8% of the isotope released 
was recovered in the plant tissue. The greatest 
reeovery of C™ was in the healthiest and most 
vigorously growing plants. The per cent of 
C* recovered in plant material was similar, 
whether all the CO, was released at periodic 
intervals during growth or only onee (Table 
1). Losses in the oil or the water used in the 
spirometer were insignificant. After 60 me of 
C™ had been released in the chamber, the counts 
on the water and mineral oil were 5 to 10 per 
milliliter above background, or approximately 
1 pe in all of the water and oil in the barrel. 
While the original purpose for whieh alfalfa 


*Packard Instrument Co., Ine, Box 428, La 
range, Illinois. 
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was prepared did not require a high degree of 
uniform labeling, it should be possible to ob- 
tain uniformly labeled plant material by using 
stricter control measures. Nonuniform distri- 
bution of radioactivity in plants may be due 
to a number of factors. The CO, may be 
diluted by soil CO., and unlabeled carbon pres- 
ent in the roots may be translocated to the first 
few inches of new growth, Material with 
greater C™ activity was obtained when plants 
were placed in the chamber early and when the 
same plants were used repeatedly to benefit 
from root-stored C“. The use of hydroponic 
cultures should increase uniformity of labeling. 


SUMMARY 


An inexpensive growth chamber for labeling 
alfalfa with C“ for rumen metabolism studies 
is described. Approximately 34% of the C* 
released in the chamber was recovered in the 
plants, The chamber could be used for labeling 
other plants in either soil or hydroponic culture. 
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TABLE 1 

© reeovery in harvested alfalfa (dry matter basis) from five labeling runs 
Weight Reeov- Tsotope 
of plant Isotope Total ered ecllu- Tecov- 
material Cellulose released cu lose C* ered 

(9) (Yo) (me) (me) (me) (%) 

84.0 40.9 5.0 1.682 0.919 33.6* 

32.6 32.2 10.0 2.838 1.000 28.3 * 

71.5 39.2 10.0 4,090 1.640 40.9° 

49.5 36.4 10.0 3.342 1.459 33.4? 

52.5 42.4 7.9 2.601_ 1.002 32.8 


* One release. 
Four releases. 
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OATS, RYEGRASS, AND CRIMSON CLOVER FOR YOUNG 
DAIRY ANIMALS * 


Winter temporary forages continue to be 
widely grown in the South, Their feeding value 
has beon extensively demonstrated by researeh 
and is comnion knowledge to dairymen. The 
literature reveals that little attention has been 
given to using these forages for growing dairy 
heifers. 

Florida (3) and Georgia (4) research has 
shown excellent rates of gain and_growth of 
heifers on winter pasture alone. Satisfactory 
growth of heifers on pasture crops alone to 
first calving, at a considerable saving over con- 
ventional methods, has been reported by Lou- 
isiana workers (7). MeCullough et al. (5) 
found a high correlation between dry matter 
digestibility ‘and average daily gain (x = 0.796) 
and indicated that forage quality, among seV- 
eral cool-weather species, Was Very similar and 
did not limit animal gains until the grasses 
began to mature (4). 

Oats, ryegrass, ‘and crimson clover were in 
vestigated, to compare the species individually 
and in mixtures for young dairy animals. 


EXPERIMENTAL PROCEDURE 

Two one-acre lots were seeded to each forage 
or forage combination as follows: (1) oats, 
4 bu; (2) ryegrass, 44 Ib; (3) oats, 31, bu and 
ryegrass, 22 Ib; and (4) oats, 3 bu, ryegrass, 
92, Tb, and erimson clover, 30 Ib. Fertilization 
practices were those recommended for the area 
by station agronomists. Since the lots were not 
irrigated, the amount and distribution of rain 
in the fall determined the earliest date they 
eould be grazed. 

Guernsey and Holstein heifer and steer calves, 
born in August and September, were used. 
They were well-suited to evaluate the forages 
for wintering replacement heifers or for bull 
ealves for slaughter. Before the grazing trials, 
they were fed to maintain normal growth. The 
feeding regime consisted of milk or milk re 
placer for 42 days, a simple grain ration as 
soon as they would consume it, and hay and 
silage ad libitum. 

During the grazing trials the forages consti- 
tuted their total diet except for a salt-mineral 
mixture available throughout the trials. Both 


‘Georgia Experiment Stgtion, Journal Series 


448, 


(5) SCULLY, 


N. J, Cnoksey, W., KostaL, Gs 
WatanaBr, R., SKOK, J,, AND GLATTFELD, 
J. W. Biosynthesis in C'-Labeled Plants; 
Their Use in Agricultural and Biological 
Research. Proc, Intern. Conf. Peaceful 


Uses Atomie Knergy, 1°: 1955. 


breeds were allotted equally among the forage 
treatments. Their, average ights at the be- 
ginning of the trials wert 175, 287, and 146 
ib for the 1957-58, 1958-59, and 1959-60 sea- 
sons, respectively. Beginning weights were Te- 
warded seven days after the grazing trials had 
hegnn, to eliminate weighing error due to dif- 
ferences in fill, One-day weights were recorded 
at 14-day intervals. The system of grazing con- 
sisted of four animals per forage treatment 
grazed continuously on the same lots and extra 
animals rotated among all lots to provide uni- 
form grazing conditions. In the second and 
third years, dry matter digestibilities were de- 
termined at 6-wk intervals by the chromogen 
technique of Reid et al. (6). 


RESULTS AND DISCUSSION 


Table 1 summarizes the main results. Aver- 
age dry matter digestibilities were as follows: 
oats, 73%; ryegrass, 73.9%; oats + TyegsTAass, 
71.4%; and oats ++ ryegrass ++ erimson clover; 
74.1%. Analysis of variance showed no Sig- 
nificant differences in average daily gain among 
the forage treatments. The animals were Te 
moved from the pastures in late spring before 
forage maturity would have resulted in lower 
digestibility and Jess favorable weight gains. 
There was a highly significant hetween-ye 
difference for the 4958.59 season. That yea 
dry weather delayed grazing of the foragt 
until January ining 


28. The animals were gan 
at a slower rate before the trial than in th 
other 2 yr and apparently made compensatol 
growth on the winter forages. Thig is im ag 
ment with findings by Kineaid et al. (2) # 
Beeson et al. (1). 
Total gain per acre varied significantly 
tween years and treatments, The long 1959: 
season gave average gan per acre (all-fo 
average each year) of 751 lb, compared ¥ 
4G and 549 lb the two previous seasons. 
oats + ryegrass cvimson clover Mm 
was significantly higher in gain per acre 
the other forage treatments in all 3 
per acre, the forages were quite consistent 
oats ob ryegrass erinison clover 
followed by ryegrass alone, oats _tyé 
and oats alone. ‘Although not statistica, 
nificant, their rank in gain per acre wal 
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TABLE 1 
ys per acre, averige daily 


fin, and gain 


per for the four forages 
Pe 
Calf wee 
Season alas Gain 
(no) (16) 
Ryegrass alone 
313 lit 
195 
304 
Avg 300 
Qats alone 
1957-1958 
1958-1059 
Avg 279 481 
Outs + ryegrass 
3 451 Lia 
53a 2.10 
1959-1960 7 1,83 
Avg 1.39 
Oats + ryegrass + crimson clover 
1957-1958 786 
1958-1958 y 582 
1959-1960 30 1,003 
Avge 414 790 1.91 


iz periods: 1957-1858, December through 
12; 1958-1959, Jamu: 28 through May 7; 
° 


if 1960, November 11 through May 2 


ably consistent enough to indicite true differ- 
ences. 

The data demonstrate the value of selecting 
species for mixtures which are both high in 
feeding value and complementary in growth 
habits, The oats provided grazing in the early 
part of the grazing season and the ryegra' 
during the latter part. Thus, total production 
was inereased when the two were used to- 
gether, compared with oats alone. 
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Like most winter grazing crops these forages 
we Inghly digestible and supported a high 
rate of gain equally well, leaving total dry 
matter produced (and thus, total gain per aere) 
as the more critical factor in assessing their 
value for young dairy animals, Future work 
should be aimed at increasing per acre pro- 
duetion of for: so long as it does not reduce 


a 


quality. 
L. R. Sisk 
AND 
M. EB. McCuntoven 
Georgia Experiment Station 
Experiment 
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MANAGEMENT PROGRAM BASED ON COMPARATIVE cost 
ANALYSIS * 


Faep H. H. Cannoun 
Dairy Service, Incorporated 
Lexington, North Carolina 


with the If the necessary comparisons are to be made 
comparable, the costs ean be based on the sales 
dollar or the hundredweight processed. These 
are good _imeasures but each have their weak- 
For exaniple, hundredweight sold and 
ht processed are seldom the same. 


In order for management to cope 
present accelerated pace of business, it noust 
be properly informed. The heart of any man- 
agement program pased on & comparative eost 
good cost accounting system. nesses. 
the number of office work- hundredweig' 


ers has increased in this eentury five times nonth mean 
faster than the labor force, it is not necessarily little to & manufacturer, but a lot to a dis- 
true that management is receiving five times _ tributor, whereas the cost 0 
as much information. Most of the increase jn little to sales bub a lot to a manufacturer. We 
the labor cost. of administration is due to the can add a third dimension which will compen- 
hat are required by the regu» sate for the shortcomings of per cent of sales 

dredweight by expressing produet man- 


many reports t 
latory agencies and the complications of the and hun 
ufacturing and product distributing in & ratio 


payroll and tax reports. The comptroller is 
usually more occupied with meeting report of actual cost to a group standard. In Table al 
that this new dimension adds 


deadlines than furnishing management with it can be seen 
depth to the comparison. Operation A bas a 


the necessary cost information. 
manufacturing cost of $1.82 per hundredweight 
7 ACCOUNTING and an efficiency of 105%, whereas Operation 


REQUIREMENTS oF A COS! 


SYSTEM facturing cost of $1.26 per hun- 


The cost accounting system must be capable dredweight and an, efficiency of 104%. The 
of rendering accurate information with a mint relatively high distribution cost of 27% of the 
mam of expense. It must be adaptable to the  Saler dollar in Operation D is just as efficient 
complex dairy industry, be flexible enough to 3S the second lowest distribution cost of 15% 
fit machine as well as hand accounting systems, of the sales dollar in Operation B- There are 
and should be projectable into future opera- many other interesting aspects of this added 
tions and conditions. Every function of a dairy dimension, but it does not tell us if the opera: 
plant must be separated ynto an operation, tion is at full capacity or, if there 1s @ goo! 
with a separate profit and loss statement made reason why one segment 18 lagging. 
for each department, ‘An example woul be 
turing department or the STANDARDS FOR MEASURING OPERATION 
EFFICIENCY AND COSTS 


the ice cream manufac! 
fluid milk department. Then each operation 
arison need to B 
eration’s ability to mes 


should be subdivided into comparable fune- Standards for group comp 
tions or cost centers, such as raw materials, fixed. Llowever, a op 

labor, transportation, ete. a fixed standard varies with volume and chang! 
jn facilities. If the volume processed GTORS 
USING THE COST ACCOUNTING SYSTEM FOR tatal cost will also drop, but the cost per hum 
FULL BENESTE dredweight will rise and the ability to mee 

To fully utilize a cost aceounting system, & fixed standard will become impossible. Th 
i fore, individual standards for a given © 


progressive management should join a cost 
tion need to be flexible in order to meagl 


comparison group. This would enable the man- ) 
agement to make ‘cost comparisons with others, the obtainable efficiency of an operation, 


and generally locate those areas where the can be accomplished by installing @ flex! 
imost improvement is needed. Improvement js budget based on fixed an : 
a never-ending process and by comparison we because it lets all depar 
ean constantly measure it and thereby keep what is expected and gives 
ace with others. A good accounting system goals. Another important prot 
gives & cost for each operation and function. comparative cost accounting sys 1s 
1 Presented to the Dair. Manufacturin Ex- platform cost of each item bie a 
tension Section at the Bad Annual Ar esee of ON ith the total direct cost of the function 
the American Dairy Science Association, Univer cerned and the allocations from other 
sity of Maryland, College Park, June, 1962. tions such as the serviee gTOUP, it 6 
750 


B has a manu 
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eg a tively simple matter to distribute the cost of 
ae a the function to the units concerned. Two very 
oe important parts of platform eosts are return 
° on investment and administration. A 6% re- 
a lesrates S x turn on investment for manufacturing equip- 
5/822 S & ment is not exeessive and is generally required 
« = in order to keep the equipment up to date. 
22 The unit cost should receive an administrative 
og cose etex% +e charge to cover office staff payroll and manage- 
Sa Soo ei pias ee Aaa ment supervision. During some months plant 
Rie problems may require little tiv during other 
ag a months they may require the major portion of 
2 & mianagement’s time. Where branch operations 
Os are involved, the cost of transportation of 
products to the branch should be charged to 
at rae & eee all products, The true platform cost is the 
4 3 22 a He total of all functions concerned, return on in- 
A a F vestment, administrative expense, and branch 
ge delivery cost. It is this cost, with the added 
$a Nereus Sieh raz coe ow eteade profit desired, that is the true platform cost. 
y ee B+ 2 en a Ei | oc 
AS DISTRIBUTION COST STATEMENTS 
ad ee Quarterly route profit and loss statements 
zg § a g are the backbone of analyzing distribution 
3 oe 3 costs. The largest route sales volume does not 
g at necessarily indicate the highest profit. Driv- 
a ho Bee So ee ing habits, vehicle abuse, and route returns 
“lo eae Be Re ee play an important part in the real profit. Once 
Bia tad and platform costs are established, route profit and 
Bey $3 loss statements are relatively easy to obtain. 
2 33 SS ae Se ee Units will have to be recapped by routes and 
g ee ee Se individual vehicle costs will have to be kept. 
q ae Administrative, advertising, and supervisory 
a ad expenses will have to be allocated. The results 
8 Ra 5 3&@ & will far outweigh the cost of obtaining the 
= of > oa quarterly route profit and loss statements. 
° 
3 
3 |8 OPERATION PROJECTION 
area st Bie $USsRR ES i 
8)-21 888 Set teh ool One of the more important uses of cost ac- 
2 |A counting is to predict the profitability of a 
(at 23 change in operations. If the operation 1s to be 
33 BOS et Ge in merged with another similar operation, what 
ee FS Derren EY will the new costs be? What will be the effect of 
me a government contract bid on costs? A manage- 
ates tes, pes ment program based on comparative cost anal- 
ER eo 27 s ysis will help solve these problems. To explain 
os = the use of cost accounting in predicting the 
Ri future, the following is assumed: 
bilder etraga +2 1. The plant is operating below its capacity. 
3/8 ae 2s ae eh 2. The plant is is bid on a SAvsennicnt eon- 
A tract for 600,000 lb per month in half- 
g3 gallon cartons. : 
°3 aa en 3. The present volume is 1,250,000 lb per 
Sse ? month, 
as 
The manufacturing functions that are af- 
fected by the projected change are receiving, 
sae Fea processing, half-gallon packaging, and case 
BLS handling. In Table 2 it can be seen that in 
a Eo 2 8S the combined function of receiving and process- 
Bem eS ee ing the cost per hundredweight will drop just 
MPO 2S Se eee Ss under 11%4¢ per hundredweight. Since the 
BSESES 2 282885 plant is processing 12,500 hundredweight per 
B agsak & month, the cost of processing the present vol- 
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ume will be lowered by $1,425. In the half- 
gallon packaging function there is a savings of 
$598. With the inerease in volume the plat- 
form eost of each half-zallon is lowered by 
almost 2¢ per unit. The total savings in the 
manufaeturing division is $4,304. The dis- 
tribution costs of delivering the half-gallon 
cartons for the contract will be reduced almost 
814¢ per unit. There is a $4,394 recovery of 
overhead in the operation if the contract is bid 
at the delivery cost of $0.36099. Tf the bid is 
above the delivered cost, there will be more 
profit. It is possible to bid less than the plat. 
form cost and still have an increase in total 
profit. Cost accounting has done its job, and 
it is up to management to make a decision on 
the actual bid price. 


SUMMARY 


A management program based on cost analy- 
sis will aid any management in reaching a 
better decision. Five applications of cost ac- 
counting as a management tool are: 


1. A comparison with other operations, to 
determine if the operation is just drilt- 
ing or making real progress. 

2. A eomparison of the operation to its own 


te 


flexible standards to determine if the per 
formanee is up to capabilities. 

3, A platform cost for each item numufac- 
tured. 

4. An individual reute profit and loss state- 
ment. 

5. An aceurate method by which the future 
costs of an operation under varying con 
ditions can he projected, 


Information alone will not insure an efficient 
operation unless it is properly applied. Cost 
accounting makes no decisions. It may point 
out that several items are being sold below cost 
or that a particular route is losing money. It 
is up to management to determine why the cost 
of manufacturing is high and it niust analyze 
the figures to determine why it is losing money. 
Cost accounting is a tool of management and 
not a substitute for management. It is up to 
the man in management who is responsible for 
the proper application of this tool to make the 
night decision. 

Publication limitations did not allow the 
printing of a sample budget, unit cost data, 
route profit and loss statement, or volume cost 
graphs. These may be obtained on request 
from the author. 
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Memorial 


Frank Victor Burcalow 


Frank Victor Burealow was born on a fam 
near Albany, Wisconsin, Mareh 19, 1909. He 
graduated from high school at Monroe, Wis- 
econsin, in 1927 and entered the University of 
Wisconsin in September of that year. He re 
ceived the B.S, degree 
in Agronomy in 1932, 
with a minor in Agri- 
cultural Education. He 
operated the family 
dairy farm until 1935, 
when he became an As 
sistant in Agronomy in 
the University. He was 
an instructor in Agron- 
omy, 1938-1941 and 
earned the M.S, degree 
in 1939. He continued 
\ in the Departinent of 
F. V. Burcalow Agronomy and was ap- 

jointed Professor im 
1949. He held this position until his death at 
home, September 29, . 

In 1937 he mari Lois Arlene Benkert. 
They had two children, Vicki Claire, now Mrs, 
Kent Johnson of Middleton, and Larry, at 

in the University. 

Professor Burealow’s principal interest was 
in the production and utilization of forage 
erops, especially as related to Wisconsin dairy 
farming. He was concerned also with problems 
of soil and water conservation in relation to 
farming practice. In cooperation with his col- 
leagues, he strove to promote interest in redue- 
ing production costs of milk and other live- 
stock products. He was interested also in the 
nse of grasses for turf purposes. 

In 1937 he was & United States representative 
to the International Grassland Congress at 
Aberystwyth, Wales, October, 1944, to De- 
cember, 1945, he served with the Agricaltural 
Division of the Allied Control Commission in 
Rome as an Agronomist consultant and in 1946 
represented the Italian Government at the 
Buropean Food Conference in London. In 
the period 1942-49 he was a turf consultant 
of the U.S. Department of Agriculture and 
gave special attention to airport and military 
base sod requirements. He was a member of 


the working committee to develop plans for the 
Vith International Grassland Congress held at 
Pennsylvania State University in 1952 and was 
Chairman of the Midwest. Tours Committee of 
the Congress. 

Ile became 
ciety of Agronomy 


a member of the American So- 
jin 1936, and was actively 
interested in forage crop and pasture research 
and served on many committees. THe was con- 
cerned also with extension education and meth- 
odology. He was 2 member of the Society's 
Fertilizer Advisory Committee to F.A.O. of 
the United Nations. In 1953 he was made an 
Honorary Fellow of the American Society of 
Agronomy. He was a member of the Wisconsin 
‘Academy of Arts and Sciences and of the 
‘American Dairy Seience Association. 

Professor Burcalow was very active in  or- 
ganizations concerned with grassland agrieul- 
ture in Wisconsin. From 1946 until his death 
he was Chairman of the College of Agriculture 
Grassland Farming Committee and of the Grass- 
land Contest Committee, beginning in 1950. 
He was very instrumental in the development, 
promotion, and suceess of Farm Progress Field 
Days. He was one of the early extension 
workers to recognize the value of interdepart- 
mental group action in the implementation of 
extension programs. 

He wrote numerous extension bulletins, fot 
eulars, and farm paper i 
his field, With his long yesidence in Wisconsit 
and extensive travel as an Extension Specialist, 
he gained many friends among farmers and 
in business and industry. 

Professor Burealow participated in the com- 
munity affairs of Middleton and took eonsider- 
able satisfaction 
member of the Middleton Civies Club as early 
as 1948 and was on 
until his death. In 
the Community Council. 
member of the Middleton Sportsmen’s Chi 
which he helped to organize 1m 1946, and wi 
the club secretary-treasurer. 

Professor Burcalow was known to be ap 
thusiastic crusader for objectives and purpos 
jn which he was interested. He was effecti 
in organization and execution of plans 
was persistent in accomplishment, e 
frank and outspoken, put liberal and toler: 
His early passing Jeaves a void which will | 
soon be filled, for many Wisconsin and 0 
friends and co-workers. 


An advisory Committee on Business Man- 
agement was appointed by the Executive Board 
in June, 1960, to study existing and future 
management needs of the Association. This 
summary of the committee’s report to the 
Executive Board has been prepared to answer 
requests of members for more information 
on Item 23 of the Board’s actions in June, 
1961 (J. Dairy Sei., 44:1583. 1961.), when 
the report was considered. 

The constitution of the Association assigns 
certain duties to its appointed officers who 
carry on the business and publishing responsi- 
bilities for the members. These duties are in- 
dicated in broad terms in Sections 3 and 4 of 
the By-Laws (J. Dairy Sei., 45:138. 1962.). 
This discussion deals with the organization of 
these duties. 

Business functions are centered in the office 
of Secretary-Treasurer. In addition to the 
parliamentary duties of Secretary, he is re- 
quired to perform or supervise these activities: 
send notices and collect dues, sell advertising 
space, sell back numbers, reprints, manuals, 
ete., collect monies due, pay out monies for ex- 
penses approved by the Exeentive Board, man- 
age investments of reserve funds, account for 
all funds received and disbursed, and submit 
a budget to the Board to anticipate future in- 
come and expenditures. 

Editorial functions are centered in the office 
of the Editor, who perfornis or supervises these 
activities: receiving and accepting manuscripts, 
editing manuscripts, soliciting special articles 
and papers, approving manuscripts and proofs, 
planning and supervising JourNau form, com- 
position and content, writing and editing of 
Popular sections, indexing, and communica- 
jons. 

The Executive Board is responsible for main- 
aining continuous, efficient business and edi- 
rial functions within the limit of the budget 
ean approve. Over the years it has con- 
ered many methods to accomplish this ob- 
tive, such as to contract with professional 
lishers, as the Association did in its early 
ory, or to support a business office jointly 

One or more professional societies. The 
mican Society of Agronomy and the Ameri- 
Ssociation of Cereal Chemists have been 
cordial and helpful in exploring this last 
ement, The American Institute of Bio- 
Sciences offers redactory and manage- 
ervices which resemble those provided 
racts with publishing concerns. 
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BUSINESS MANAGEMENT OF THE AMERICAN DAIRY SCIENCE 
ASSOCIATION 


R. E. Honasoy, E. L. Jack, G. TH. Wiss, H. F. Jupnins, 
E. O. Herreip, axyp W. V. Price, Chairman, 
Advisory Committee on Business Management 


Future changes in the Association’s member- 
ship and activities will affect management pol- 
icy. These changes may be in numbers of 
members, diversification of interests, publica- 
tion of more than one journal, permanent addi- 
tion of new sections for economists and in- 
dustrial managers, or other comparable addi- 
tions of scetions or divisions. Such changes 
may require some adjustments in methods of 
management, sources and amounts of revenue, 
and seeretarial and editorial services. 

With these facts in mind, the advisory Com- 
mittee developed several plans of management 
with special emphasis on flexibility to meet 
different needs. Diagrams of lines of responsi- 
bility and communication within principal 
plans were prepared and submitted to the Ex- 
ecutive Board in June, 1961, with a list of 
advantages and disadvantages of each. 

Plans were numbered in the report so the 
same numbers will be used here. Only the more 
important objectives and contributions of each 
plan will be mentioned. 

Puan 1. This plan, used by the Association 
in 1960-61, gives the Executive Board direct 
supervision and control of Association affairs. 
Members with experience and prestige are 
elected by the Executive Board and serve as 
part-time officers and receive an honorarium 


‘ MEMBERS OF A.D.S.A. 


| EXECUTIVE BOARD | 


PART-TIME PART-TIME 
SECRE TARY EDITOR 


WITH OFFICE HELP WITH OFFICE HELP 


RECORDS EDITING 
BANKING LETTERS 
ACCOUNTING COMPOSITION 
ADVERTISING SUPERVISION 


EDITORIAL 
BOARD 


PUBLISHER 


ROUTINE EDITING, BILLING, ACCOUNTING, 
STORAGE OF JOURNALS, MANUALS, SYMPOSIA, 
PRINTING 


Pian 1. 


Used until 1960-61 by A.D.S.A. 


ee 
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Such officers contribute pro- 

knowledge of the Agsocia- 
tion, its members, and objectives. The term 
routine, used in the diagram, deseribes opera- 
tions requiring technical skill only. 

Praw 2. In this plan a full-time Seeretary- 
Treasurer sells advertising and supervises of- 
fice help doing routine accounting and billing. 
He devotes more time than in Plan 1 to meme 
bership problems, contacts, and records. 

The Executive Board yoted in 1961 to con 
sider this plan when the Association outgrows 
the services provided by Plan 6. 

Puan 3. This plan can be visualized by re 
ferring to the diagram of Plan 2. Tt merely 
expands the Seeretary’s responsibilities of Plan 
2, to make him an oxeeutive Seeretary-Treas 
urer or Manager. Te would employ profes- 
sional editors for the routine editing, composi- 
tion, and production done by the publisher and 
Editor in Plans 1 and 2. In Plan 3 the part- 
time Editor, with the help of his Editorial 
Board, would be responsible only for passing 
on the scientific merit and eontent of papers; 
he might serve with or without honorarium, 

This plan would meet future increases in 
publication and business responsibilities, give 
more flexibility in contracting for printing, 
concentrate offiee help in one business office, 
and let the scientific Editor function without 
production duties. 

‘Another logical variation of Plan 3, which 
was only mentioned in Committee diseussions, 
would place a full-time or executive Editor in 
charge of business operations and publishing 
instead of an exceutive Secretary. Then a re- 
cording Sveretary would be needed only to 
record official actions of Board and Associa- 


for their efforts. 
fessional attitude, 


MEMBERS OF A.D.S.A. 


EXECUTIVE BOARD | 


PART-TIME 
EDITOR 


FULL - TIME 
SECRE TARY- 
TREASURER 


WITH OFFICE HELP 


WITH OFFICE HELP 

SUPERVISION 
EDITING 
LETTERS 

COMPOSITION 


PUBLISHER 
ROUTINE EDITING, STORAGE. PRINTING 


Pian 2. Used to handle inereased services 
membership by jnereased responsibilty, activity, 
nnd supervisory work for a full-time Secretary- 


Treasurer. 


tion, and to handle certain official eommuniea- 


tions, 
Prawn 4. This plan is intended to meet the 


needs of a larger membership requiring more 
{inaneial and publication serviees. It centralizes 
all business and editorial duties in one office, 
with hoth a full-time Seerctary-Treasurer and 
Editor sharing the same business offiee, staff, 


and facilities. 
Piaw 5. This plan is diagrammed to show 


MEMBERS OF A.D.S.A 


BUSINESS-EDITORIAL OFFICE 
WITH OFFICE HELP, BUSINESS MACHINES 


FULL-TIME FULL-TIME 
SECRETARY- EDITOR 
TREASURER ANO 
4 Ss, EDITORS 
BU 
CET ee FOR ALL PHASES OF 


ADVERTISING SALES EDITORIAL WORK 


PUBLISHER 
PRINTING 


Puan 4, For larger membership, 
sponsibilities and services in 
publication. 


EDITORIAL 
BOARD 


greater Te- 


management and — 


MEMBERS 
COOPERATING 


Pav Hcr ASSOCIATION 


EXECUTIVE 
BOARD 
RECORDING 
SECRETARY 
EDITOR 


EXECUTIVE 
BOARD 


RECORDING 
SECRETARY. 
SCIENTIFIC! 
EDITOR 
EDITORS 
BOARD 


BUSINESS OFFICE FOR ASSOCIATION- 
MANAGER 
PROFESSIONAL EDITORS, ACCOUNTA NT 
COPYISTS, ADVERTISING SALESMEN, 
BUS! NESS EQUIPMENT, 
CONTRACT PRINTING 


Puan 5. Cooperating associations maintain 


share common business and editorial serve 
vided by a business manager and protes 
help. 
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how A.D.S.A. might share business, editorial 
facilities, and personnel with another associa- 
tion. Eeonomies would be effected in office 
work, contraets for printing, and large-scale 
buying of supplies, such as paper in carload 
lots for printing. Such cooperative manage- 
inent would permit the Board to share respon- 
sibilities of choosing and supporting profes- 
sional managers and editors, but it would also 
require the sharing of the constructive think- 
ing and energies of such key persons in_mani- 
agement. Some of the autonomy of A.D.S.A. 
nianagement would be lost in choices of per- 
sonnel and location of offices, 

Pia 6. The Executive Board adopted this 
plan in June, 1961. It is not diazrammed be- 
vause it is merely an extension of Plan 1. It 
assigns certain routine operations of the See 
retary-Treasurer’s and Editor’s offices to the 
publisher, Garrard Press. These assignments, 


The lixecutive Board, at the time of the 
Annual Meeting of the American Dairy Science 
Association at the University of Wisconsin, in- 
creased the price of reprints 25%, effective 
July 1, 1961. The new reprint schedule follows: 
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with the exception of printing, can be in- 
creased, deereased, or discontinued as desired, 
according to needs and relative costs. This 
plan cnables each appointed officer to devote 
more attention to nonroutine, decision-making 
duties and aetivities for the Association, and 
still to retain supervision of his respective 
duties, Costs of operation vary with the amount 
of work delegated, but increases are offset in 
whole or in part by reduction in office ex- 
penses and the nore productive efforts of the 
Seeretury and Editor. 

The writer is grateful for the assistance of 
the other members of the Busmess Manage- 
ment Committee of 1960-61 in presenting this 
brief description of their decisions to the mem- 
bers of the Association. A few copies of the 
complete report are in the chairnian’s hands and 
will be mailed as long as they last to those who 
can use then), 


PRICE SCHEDULE FOR REPRINTS OF PAPERS THAT APPEAR IN 
THE JOURNAL OF DAIRY SCIENCE 


H. F. Jupgins, Secretary-Treasurer 
32 Ridgeway Circle, White Plains, New York 


published in the Journau; otherwise, the type 
will have been destroyed. 

In case the original type has been destroyed, 
it is possible to supply reprints by a special 
photographie process, and their cost will be 


Number of pages 


No. of 
reprints 2 4 8 12 16 20 24 28 32 
(Coat in dollars )——£$@-—_\——\—— 
50 17.50 20.00 36.25 51.25 67.50 78.75 97.50 115.00 125.00 
100 20.00 22.50 41.25 61.25 77.50 92.50 112.50 132.50 145.00 
200 22.50 28.75 51,25 76.25 97.50 117.50 148.75 162.75 185.00 
300 28.00 33.75 62.50 91.25 117.50 143.75 173.75 205.00 226.25 
400 30.00 40.00 72.50 107.60 137.50 170.00 205.00 241,25 266.25 
500 33.75 45.00 83.75 122.50 157.50 195.00 236.25 277.25 306.25 
600 37.50 51.25 93.75 137.60 177.50 221.95 266.25 313.75 346.25 
700 41.25 86.25 105.00 153.75 197.50 246.25 297.50 350.00 387.50 
800 45.00 62.50 115.00 168.75 218.75 272.50 328.75 386.25 427.50 
900 48.75 67.50 126.25 185.00 238.75 298.75 358.75 422.50 467.50 
1,000 57.25 73.75 136.25 200.00 258.75 323.75 390.00 458.75 507.50 


_ If covers for reprints are desired, the cost of 
0 covers will be $12.18, and for each addi- 
ional 100 covers, the cost will be $8.75. Back 
ies of the Jourwat will cost $2 each. 

he reprints are made from standing type 
hin 30 days after the papers appear in the 
NAL. Requests for a few reprints of a 
x should be sent to the authors, whose 
s and addresses appear with the title. The 
tary and the Editor’s office do not keep 
lies of the various reprints. Orders for 
numbers of reprints should be sent to 
arrard Press, 510 North Hickory Street, 
ign, Illinois. These orders must be re- 
ithin 30 days after’ the papers are 


50% more than the regular ones. For example, 
100 reprints of 32 pages will cost $217.50. 

It is hoped that the publication of this re- 
print schedule will make it easier for inter- 
ested people to obtain reprints in any number 
desired and, at the same time, aid in dissemi- 
nating useful information to the dairy and 
related industries. 

The Journay or Dairy Science is copy- 
righted. Reproduction of complete papers 
from this Journal by any organization is not 
permitted. The reproduction of graphs, tables, 
and illustrations for books and other periodi- 
eals may be authorized by the Editor-in-Chief. 


